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FOREWORD 


This text was developed by the Chief of Naval Personnel for use in schools 
that provide instruction in troubleshooting communication equipment. 


Since it is written in a programed-learning format, the text can also be 
used by individuals or groups in ships or activities where no formal 
training is conducted. 


laren —— 

G. D. HARRELSON 

Captain, USN 

Director, Service Schools 
Training Division 

Bureau of Naval Personnel 


PREFACE 


This book has been prepared for Navy technicians 
whose rating requires a troubleshooting capability in 
communications equipment. It is a sequel to NAVPERS 
93083A, Troubleshooting Electronic Equipments; suc- 
cessful completion of'NAVPERS 93083A is prerequisite 
to this book. The text is similar in scope and content 
to volume 2 of NAVPERS 93083A. It provides the reader 
with practice in applying logical troubleshooting tech- 
niques to the AN/URC-32 Radio Set. 


Although the troubleshooting problems presented in 
this text are specific to the AN/URC-32 Radio Set, the 
principles and techniques demonstrated are applicable to 
any communications equipment. 
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INTRODUCTION 


The purpose of this text is to demonstrate how the six-step logical 
troubleshooting procedure is applied to Navy communications equipment 
and to provide you with practice in application of the logical troubleshoot- 
ing procedure. The text is designed for self-study by technicians com- 
pleting their final weeks of Class A school and technicians who are work- 
ing with communications equipment in the fleet. 

The text is organized into four chapters. Each chapter consists of text 
and/or reading assignments, plus self-test questions for self-evaluation of 
your knowledge. It is important that you attempt to answer every question; 
it is also very important that you write down your answer to each question — 
don't fool yourself by saying 'Oh, I know this one"! The four chapters are 
organized as follows: 

Chapter I — Logical Troubleshooting. This chapter reviews the 
six-step troubleshooting procedure presented in NAVPERS 93083. 

Chapter II — Introduction to the AN/URC-32 Radio Set. This chap- 
ter presents information and reading assignments for self-study of the AN/ 
URC-32 technical manual, NAVSHIPS 93285(B). The chapter is structured 
as a series of lessons, each of which presents a small "bite" of the techni- 
cal information you will need to troubleshoot the AN/URC~72. 

Chapter III — Application of the Six-Step Trouble.:.ooting Proce- 
dure. Three troubleshooting practice problems are given in this chapter to 
demonstrate application of the six-step troubleshooting procedure to typical 
faults which may occur within the AN/URC-32. 

Chapter IV — Troubleshooting Problems. This chapter presents 
three troubleshooting problems to give you an opportunity to apply the logi- 
cal troubleshooting procedure to typical faults. 

Each of the first three chapters concludes with a series of review ques- 
tions on the material covered by the chapter. After you complete each chap- 
ter, answer all of the review questions, then check you answers against the 
correct answers in appendix A. Each answer includes a page reference to 
the text wherein the subject material was presented, to simplify review of 
material you do not fully understand. 

Appendix B contains the criterion test. When you complete study of 
this course you should be able to obtain a score of 80 percent or better. 
The criterion test measures successful accomplishment of the course 
objectives. Answers for the criterion test are in appendix C. 
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OBJECTIVES 


To successfully complete this self-study course, you should obtain a 
score of 80 percent on the criterion test which is based on the following 
objectives. 


Chapter I. Logical Troubleshooting 


Upon completion of chapter I, you should be able to: 
1. State in the proper sequence of application the six steps in logi- 
cal troubleshooting as defined in NAVPERS 93083A. 
2. Define in your own words each step of the six-step trouble- 
shooting process as described in NAVPERS 93083A. 
3. State the advantages of using the six-step troubleshooting pro- 
cedure in electronics maintenance. 


Chapter II. Introduction to the AN/URC-32 Radio Set 


Upon completion of chapter II, you should be able to: 

1. Correctly identify the functional units of typical communications 
equipment; i.e., transmit, receive, power supplv, control. 

2. List at least five examples of trouble symptoms applicable to 
communications equipment. 

3. Cite typical controls and indicators on communications equip- 
ment that should be used for symptom elaboration. 

4. When given a functional block diagram of the AN/URC-32 Radio 
Set, correctly identify the function(s) of the: amplifier-control unit; 
converter-monitor; amplifier-converter-modulator; radio frequency ampli- 
fier; converter-oscillator; signal comparator; and low and high voltage 
power supplies. 

5. Using NAVSHIPS 93285(B), Technical Manual for Radio Set 
AN/URC-32, identify functions of major front panel controls and indicators. 


Chapter III. Application of the Six-Step Troubleshooting Procedure 


Upon completion of chapter III, you should be able to: 

1. Differentiate between normal and abnormal communications 
equipmer. indications (symptom recognition and elaboration). 

2. Identify probable faulty functions based on symptom recognition 
and elaboration. 

3. Localize communications equipment malfunctions to a functional 
unit, using information collected through symptom recognition and elabora- 
tion, listing of probable faulty functions, and making (simulated) tests of 
suspected functional units. 

4. Localize the faulty circuit using the "bracketing" technique and 
equipment servicing diagrams. 

5. Analyze communications equipment failures to determine possi- 
ble causes. 
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Chapter IV. Troubleshooting Problems 


Upon completion of chapter IV, you should be able to apply the six- 
step troubleshooting technique to isolate theoretical malfunctions in the 
AN/URC-32. 
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CHAPTER |. LOGICAL TROUBLESHOOTING 
The Need for a Logical Troubleshooting Procedure 


Troubleshooting is a skill which must be developed if you are to be pro- 
ficient in operation and maintenance of a station or equipment. Good trouble- 
shooting is not a talent with which a person is born. It is, however, a skill 
that can be acquired by anyone with a suitable electronics background. You 
can become a good troubleshooter if you have: (1) sufficient electronic 
knowledge to learn, or be taught, how an equipment works; (2) skill in read~ 
ing and interpreting data contained in the equipment technical manuals; 

(3) skill in operating test equipment and interpreting test readings; and 
(4) a logical approach to troubleshooting. 

Logical troubleshooting does not recognize 'Easter-egging," "cook- 
booking,"' or "trial-and-error" methods. The "Easter-egger" makes unsup- 
ported guesses as to the location of the trouble. The "cook-booker" looks 
for trouble-locating clues in the trouble chart of the technical manuals, and 
is lost if the manual doesn't cover the particular fault. The "trial-and- 
error' man starts at one end of the equipment and works toward the other 
with the tube checker and test equipment. If any of the three finds the trou- 
ble in a reasonable length of time, he is lucky: finding the one bad part or 
wire or connection among hundreds or thousands is not easy to do by 
illogical methods. 

Logical troubleshooting is a time-proven procedure used by all accom- 
plished technicians. Most of them have applied the procedure so often that 
they no longer pay attention to its fine points. Through habit and years of 
experience they may have forgotten its specific details. 

Probably no two technicians would explain the procedure alike, but all 
would agree that logical troubleshooting consists of a series of sequential 
steps that systematically isolate the trouble to the faulty part. Some would 
list the procedure in three or four steps; others would count a dozen, fifteen, 
or more. Regardless of the number, the principle would be the same. Six 
steps have been chosen as the easiest method of learning and applying this 
procedure. The steps in their sequential order are: 

Step 1 — symptom recognition 
Step 2 — symptom elaboration 
Step 3 — listing the probable faulty functions 
Step 4 — localizing the faulty function 
Step 5 — localizing the faulty circuit 
Step 6 — failure analysis. 
QUESTIONS: 


Q1. Good technicians use logical troubleshooting procedures to reduce 
troubleshooting 

Q2. The six-step troubleshooting procedure is a process of systemati- 
cally locating a 


Q3. As you become more experienced in troubleshooting, you may 
forget: 


a. the logical approach to troubleshooting. 
b. about using manuals. 


c. the exact wording of the six-step troubleshooting procedure. 
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ANSWERS: 


Al. Good technicians use logical troubleshooting procedures to reduce 
troubleshooting time. 


A2. The six-step troubleshooting procedure is a process of systemati- 
cally locating a fault or trouble. Usually you will troubleshoot to 
the part or component level; however, in systems which use mod- 
ular construction, you may only be required to isolate the faulty 
circuit or circuit board. 


. AS you become more experienced in troubleshooting, you may 
forget: 

a. the logical approach to troubleshooting. Incorrect. The 
technician who forgets the logical approach to trouble- 
shooting will never make a good technician. A logical 
approach to troubleshooting should become a habit. 

. about using manuals. Wrong. The six-step troubleshooting 
procedure does not replace the technical manuals; it helps 
you use them to better advantage. 

. the exact wording of the six-step troubleshooting procedure. 
Correct. With practice, logical troubleshooting will be- 
come a habit. You will not think of the steps as such, but 
will follow the overall procedure automatically. 


Step 1 — Symptom Recognition 


The first step in any troubleshooting problem is recognition of a trouble 
indication. Recognizing that a trouble exists in an equipment is not always 
easy to do since conditions of less than peak performance are not always 
apparent. Lack of targets on a scope, timing error in a loran set, and de- 
crease in the sensitivity of a receiver are just a few of hundreds of exam- 
ples. Each of these is a trouble symptom that requires recognition. 

There are many ways that the existence of a trouble can be brought to 
your attention. The obvious troubles will undoubtedly be noted during oper- 
ation or preoperational checkout. These usually include complete, or 
almost complete, malfunction of the equipment or a part of the equipment. 
Troubles that are not easily noticed are those that cause degradation in 
equipment performance. A 125-mile radar that is only reaching 50 miles, 

a 100-watt transmitter that is only putting out 87 watts, a multimeter that 
provides readings that are 10 percent off, or a noisy telemeter record are 
examples of equipment faults that are difficult to recognize because there 
are no visible or audible indications that say they exist. Since a ship must 
depend on full-performance equipment, the hidden trouble symptoms must 
be found, the cause of the trouble located, and the repair made. If you make 
a point of looking for these "hidden" trouble symptoms every time you touch 
the equipment, most of the symptoms of degraded performance can be rec- 
ognized. Compare performance between two similar equipments. Make the 
performance standard checks located in the preventive maintenance sections 
of the equipment manuals. Verify changes in performance since the last 
time you tuned, calibrated, or aligned the equipment. While you are trou- 
bleshooting, you can look for (and probably find) symptoms that signify de- 
graded performance. Trouble symptoms can be recognized if you will look 
for them. 
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QUESTIONS: 


Q1. The hardest trouble condition to recognize in equipment is 


degraded 


Q2. A technician can recognize trouble symptoms if he 


Q3. A technician should look for degraded performance in the 
equipment: 
a. periodically during preventive maintenance. 


b. whenever he observes or touches it. 


c. when there is a definite malfunction. 


ANSWERS: 


Al. The hardest trouble condition to recognize in equipment is 
degraded performance. 


A2. A technician can recognize trouble symptoms if he looks for them. 


A3. A technician should look for degraded performance in the 
equipment: 

a. periodically during preventive maintenance. Incomplete. 
True, he should look for poor performance during pre- 
ventive maintenance, but he should also be alert for de- 
graded performance whenever he comes in contact with 
the equipment. 

. whenever he observes or touches it. Excellent. A good 
technician should always be on the alert for symptoms 
which tell him something is wrong or going bad. Get in 
the habit of checking your equipments' performance every 
chance you get. 

. when there is a definite malfunction. No. If there is a 
definite malfunction, it is too late to start looking for de- 
graded performance. First you must correct the mal- 
function. If you notice degraded performance, you may 
prevent a malfunction from occurring. 


Step 2 — Symptom Elaboration 


Breaking out the test equipment and equipment prints and proceeding 
headlong into troubleshooting on just the original identity of a trouble 
symptom is a very doubtful procedure. It could also be an unnecessary 
expenditure of energy. A dead scope, noise in a receiver, a zero reading 
on a panel meter, or a missing time pulse by itself is not sufficient identi- 
fication of a trouble symptom. There is a tendency among noncompetent 
technicians to attempt a solution of a troubleshooting problem before they 
have completely defined it. 

The procedures for symptom elaboration are dependent upon the avail- 
able aids designed in the equipment and the nature of the original symptom. 
The aids include front panel controls and built-in performance measuring 
indicators. Additional information can be obtained about most malfunctions 
as the result of a systematic front panel check. If you have a good knowl- 
edge of how an equipment works, manipulation of appropriate controls and 
switches and corresponding checks of the equipment meters and indicators 
will reveal how the trouble is affecting the entire equipment. From these 
clues you can narrow down the probable areas of the equipment that could 
contain the trouble. 
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QUESTIONS: 
Q1. Once it is decided that an equipment has a fault, a better idea of 
the trouble can be determined by: 

a. analyzing circuit diagrams. 

b. making voltage and resistance checks. 

c. checking the effects of the trouble on equipment operation. 
Q2. Noticing that a receiver is 'dead''is an example of symptom 

. Checking the receiver's B+ voltmeter and 


finding that it indicates zero volts is an example of symptom 


Q3. In order to elaborate on the original fault symptom you must: 
a. know your equipment. 
b. ask the equipment operator to describe the symptoms. 
c. check voltages at all power supply test points. 


d. perform the official operating sequence. 
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ANSWERS: 


Al. You get a better idea of the trouble by: 

a. analyzing circuit diagrams. No, or at least not yet. In most 
cases you won't even know which diagrams to look at. 

b. making voltage and resistance checks. Incorrect. Where 
will you start? At this point all you know for sure is that 
something is wrong — the trouble could be any place. 

. checking the effects of the trouble on equipment operation. 
Correct. The equipment may transmit ok, but not re- 
ceive — you can cut down the "field" to the receive functions. 
The power supply meter may show all dc outputs are 
normal — you can eliminate the power supply from consid- 
eration. The front panel meters and indicators were in- 
stalled for several purposes; obtaining information about 
malfunctions is one of them. 


A2. Noticing that a receiver is "dead" is an example of symptom 


recognition. Checking the receiver's B+ voltmeter and finding that 
it indicates zero volts is an example of symptom elaboration. 


. In order to elaborate on the original fault symptom you must: 

a. know your equipment. Very good! If you know your equip- 
ment, you can elaborate on the symptom intelligently and 
possibly save many hours of troubleshooting time. 

. ask the equipment operator to describe the symptoms. 
This may help, but to elaborate on a malfunction symptom 
you should make knowledgeable checks of the equipment 
which will help you isolate the faulty function. 

. check voltages at all power supply test points. No, not yet. 
You may be able to eliminate the power supplies by symp- 
tom elaboration. 

. perform the official operating sequences. No! This won't 
help you if you don't know the equipment. A good technician 
will evaluate the bad indications from his knowledge of the 
equipment. 


Step 3 — Listing the Probable Faulty Functions 


The third step requires that you make an "educated guess" as to the 
probable cause of the trouble. From the trouble symptoms, as you have 
identified them, you determine the most logical locations of the trouble. 
Locations are generally confined to the major subdivisions of the equip- 
ment, the functional units. 

The term "function" or "functional unit" is used to denote an electronic 
operation performed by a specific area of an equipment; for example, func- 
tions may be entitled transmitter, receiver, or modulator. These functions, 
combined together, make up an equipment set (radar set, transceiver set, 
sonar set, etc) and cause the set to perform the electronic purpose for 
which it was designed. Frequently, the terms "function" (an operational 
subdivision of a set) and "unit" (a physical subdivision) are synonymous. 
However, there are occasions when one or more circuits for a particular 
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function may be physically located in other than the indicated unit. "Educated 
guesses" are made from a knowledge of how the equipment works and a study 
of the equipment's functional block diagrams. 


As an example, assume there is no receiver audio from the remote 
amplifier located on the ship's bridge. The receiver is apparently operating 
properly. Your "educated guess" should include the audio patchboard, the 
receiver output to the patchboard, and the remote amplifier. Making an 
"educated guess" that it is a bad tube (just because the greater percentage 
of all equipment troubles are caused by bad tubes) is not acceptable — you 
still have to find the bad tube. The purpose here is to use valid reasoning 
to identify all probable, technically sensible functional areas which could 
contain the trouble. It may well be that the specific trouble is a bad tube, 
but wholesale tube substitution takes a lot of time and quite often introduces 
additional troubles, particularly in those circuits that operate close to 
critical tolerances or involve high frequencies. 

Don't worry if you find your lists of "suspects" are incomplete; even 
the accomplished technician may not be able to list all the functional units 
that are probable sources of the trouble. Your lists will improve with 
practice until you don't have to even write the suspects down, but instinc- 
tively know which units the trouble could be in. On the other hand, don't 
worry if you end up with a "list" of only one item. In a well-designed equip- 
ment you will often be able to name the one functional unit which is causing 
the trouble. 


QUESTIONS: 


Q1. Functional block diagrams are useful to the technician in making 


Q2. After performing step 2, the properly operating functions are 


eliminated by 


Q3. The term "function" is used to denote an electronic operation 
performed by a specific area within an equipment. Which of the 
items listed below is best defined as a "functional unit"? 

a. oscillator feedback circuit 
b. frequency mixer 
c. power supply 


d. harmonic filter 
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ANSWERS: 


Al. Functional block diagrams are useful to the technician in making 
educated guesses as to the possible locations of a fault. 


A2, After performing step 2, the properly operating functions are 
eliminated by listing the probable faulty functions. By knowing 
the probable faulty functions, you have eliminated the properly 
operating functions. 


A3. Your selection of the ''functional unit" is: 

a. oscillator feedback circuit. Incorrect. The feedback cir- 
cuit is part of an oscillator, which in turn is generally part 
of a larger functional unit. 

b. frequency mixer. Incorrect. A frequency mixer is nor- 
mally one of the first stages of an RF or IF amplifier, 
which may be a functional unit. 

. power supply. Correct. The power supply performs a par- 
ticular electronic function, that of "converting" ac power 
to dc power. The power supply is one of several functional 
units which make up an equipment. 

. harmonic filter. Incorrect. A harmonic filter is part of a 
nonlinear device, such as a mixer, and enables the device 
to perform its task. 


Step 4 — Localizing the Faulty Function 


In this step you select one of the "suspect" functions for testing. Your 
first choice is not necessarily the one you thought of first nor the one that 
past experience suggests as being the most probable. Selection of the first 
functional unit to be tested should be based not only on probability but also 
on the difficulties involved in making the necessary tests. Under some cir- 
cumstances, you might elect to test the second most probable ''suspect" 
rather than the most probable because the latter might involve testing diffi- 
culties that should be initially avoided, or require tampering with circuit 
adjustments that might later prove to have been unnecessary. Like all the 
others, this step in the troubleshooting procedure places emphasis on 
common-sense thinking rather than the resultant action. If you do your 
preliminary work properly, manual work in gaining access to test points 
and using test equipment can be limited to a bare minimum. 

After selecting the order in which you will check the units you have 
listed, you proceed to verify your first selection. The check will normally 
be made at an output test point of the suspected unit. The test equipment 
reading is compared with the normal signal described in the technical man- 
ual. A 'no output" condition is relatively easy to recognize. A distorted or 
abnormal output, however, should be carefully verified before arriving at 
a technical conclusion. 

Upon completing a verification of the probable faulty unit you have 
selected, you will arrive at one of several conclusions. The test will verify 
that: (1) this is the unit in which the trouble lies; (2) the trouble could be in 
this plus another unit(s) from which it receives signal or control voltages; 
(3) the trouble is not in this unit; or (4) the output looks suspicious and 
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further verifying tests need to be made. Whatever your conclusion, you 
have discovered information that can be used to substantiate or eliminate 
suspected units on your list or provide evidence for adding another. Tests 
of suspected unit outputs are continued until the single faulty unit is identi- 
fied. You have narrowed down the trouble to a fraction of the total number 
of circuits and parts in the equipment. If you have done this much of the 
procedure properly, you can confine your search to the functional area you 


have isolated. 
Note that this step can be eliminated if your symptom elaboration 
definitely identifies the one faulty functional unit. 


QUESTIONS: 
Q1. In localizing the faulty function you should eliminate each function 
one-by-one, starting with: 
a. any probable function. 
b. the most difficult function to test. 
c. the first of the most probable functional units on the list. 
d. the easiest to test of the most probable functions. 
Q2. In localizing the faulty function you must rely on: 
a. your own experience and common sense. 
b. the technical manual trouble chart. 
Q3. In the six-step troubleshooting procedure, step 4 is the first time 
that you will use: 
a. the technical manual. 
b. any bench test equipment. 


c. the front panel indicators. 
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ANSWERS: 


Al. Your starting point for isolation of the faulty function is: 

a. any probable function. Not quite — you are looking for 
speed and efficiency; the function you choose at random may 
be very difficult to test. 

. the most difficult function to test. Incorrect. Before 
attempting this one you need very strong evidence that it 
is faulty! 

. the first of the most probable functional units on the list. 
Possibly, but not because it's first on the list. It should be 
chosen for ease of verification as well, to minimize your 
work. 

. the easiest to test of the most probable functions. Correct. 
Your goal here is to isolate the function in the most effi- 
cient manner possible, which requires that you select func- 
tions which are both "likely suspects" and easy to check out. 


A2. Selection of the "tool" to rely on was: 

a. your own experience and common sense. Correct. You 
must decide which tests to make first, and evaluate the 
results of the test to decide on your next check. 

. the technical manual trouble chart. Incorrect. The trou- 
ble chart may or may not cover the particular problem you 
are experiencing; its information may or may not be cor- 
rect and up-to-date. 


A3. Step 4 is the first time you will use: 

a. the technical manual. Incorrect. You've been using the 
manual from the start to identify normal indications, 
examine the block diagrams, and read the technical 
descriptions. 

. any bench test equipment. Correct. Up to step 4 you've 
been concerned with the visible indications of the fault; now 
you're tracking the fault toward its source, which requires 
use of test equipment to look at waveforms, measure volt- 
age, power, frequency, etc. 

. the front panel indicators. Incorrect. The front panel in- 
dicators very likely gave you the first ''clue" that some- 
thing was wrong with the equipment! 


Step 5 — Localizing the Faulty Circuit 


The next step after you have isolated the faulty function or functional 
area is to identify the faulty circuit. The same narrowing down procedures 
are used as before. First you subdivide the functional unit into circuit 
groups (IF strip, mixer, discriminator, etc). You then examine each cir- 
cuit group to see if it could contain the fault. Finally, you make tests to 
isolate the faulty stage or stages. Using this procedure, you can find the 
faulty circuit without going through the unnecessary, time-wasting chore of 
test-point-to-test-point checking from one end of the unit to the other. 
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In narrowing down the trouble to a single functional group of circuits, 
you can employ a process called "bracketing." In this process brackets are 
placed on the schematic or service block diagram around the area in which 
the trouble lies. Initially brackets are placed at the inputs to the unit that 
are known to be good and at the outputs known to be bad. Next you select 
points at which you can test, to isolate or eliminate portions of the unit. As 
each test is made, an input or output bracket is moved to the point in the 
block diagram where the test was made. In this manner the closing brackets 
systematically narrow the fault to a single circuit. 

In selecting a point on a detailed block diagram to which one of the 
brackets is to be moved, you must consider two things — the characteris- 
tics of the improper output signal and the types of signal paths contained in 
the unit. The waveshape of a signal has certain characteristics — voltage, 
rise-time, noise content, frequency, etc — that can be measured or 
observed. When these characteristics are in accordance with the designated 
standards, the signal is considered to be good. In a bad signal the charac- 
teristics that are improper can reveal clues that will help to identify a cir- 
cuit group whose function is to originate or control that portion of the wave- 
shape. For example, the output of a unit is supposed to be a sawtooth 
waveform with six pulses equally spaced on its slope. If the pulses are 
there but the slope is nonexistent or insufficient, the sawtooth generating 
and shaping circuits would be suspected. If the proper slope is there but 
there are no pulses or an incorrect number of pulses, the pulse generating 
or controlling circuit groups probably contain the trouble. 

The type of signal path contained in the unit is the other item to be 
considered before moving a bracket. There are four general types — lirear, 
switching, convergent/divergent, and feedback. In a linear signal path the 
signal is processed through circuits that are connected in series. When 
identification of the faulty circuit group is difficult or impossible (that is, 
when the waveshape characteristics do not indicate the faulty circuit 
function), brackets are moved to successively smaller half-points in the 
linear string. Signals from two or more circuit channels that meet at a 
common point or a signal that leaves a common point to enter two or more 
channels are examples of convergent and divergent paths, respectively. 
Moving a bracket (after making the appropriate test) to the common point 
will separate the bad from the good signal paths. In the same manner, a 
test and bracket at the point where signal paths are connected by a switch 
will reveal the same information. The remaining type — feedback — is the 
hardest type to troubleshoot. Negative feedback circuits (automatic gain or 
frequency control, active filtering, etc) can be opened — by removing a tube 
or transistor — or in some cases grounded to remove the feedback effect. 
Positive feedback loops (regenerative receivers, oscillators) are more 
difficult since the regeneration will not occur if the positive feedback is 
removed. Signal insertion plus disabling of the feedback loop is effective in 
most cases. 

There are no hard-and-fast, step-by-step procedures for bracketing, 
but there are some realistic rules. Examine the characteristics of the 
faulty output to determine the circuit group function that either generates or 
controls the improper characteristic. Study the detailed block diagram to 
determine the least number of bracket moves that will isolate the faulty 
circuit. Such moves will be dependent upon the types of signal paths con- 
tained in the unit and the electronic functions of circuit groups that may be 
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responsible for distortions contained in the unit's output. Move only one 
bracket at a time after verifying the suitability of the signal by making a 
test. If the test does not reveal sufficient information for a valid bracket 
move, make another "educated guess." Determining which bracket to move 
is dependent upon circuit configuration within the unit and the number of 
circuits that will be enclosed. Figure 1-1 illustrates a logical sequence for 
isolating a fault by this procedure. 

The servicing block diagram can serve as the instrument for the com- 
plete bracketing process. In some cases it will be necessary to refer to a 
schematic diagram for information regarding location of test points. There 
is sufficient diagram information available in the technical manual to sup- 
port the bracketing procedure and preclude wasteful, unreliable, circuit- 
to-circuit checking; you must know the organization and content of the 
manual to make effective use of your time. 

The bracketing step is completed when you have isolated the trouble to 
a single circuit and verified that the output of this circuit is the cause of 
the original symptoms. 


FUNCTIONAL UNIT | (BAD) * 
OUTPUT 


NO. 1 
| TEST 1 TEST 2 | 
(GOOD )* (GOOD) ~— (BAD) 
INPUT 
| 
| eer 
| NO 2 


NOTES: 

1. *INITIAL CONDITIONS WHICH ISOLATE FAULT TO ‘‘FUNCTIONAL AREA’’. 

2. TEST 1 DIVIDES SUSPECTED MODULES INTO APPROXIMATELY EQUAL 
GROUPS A-D AND E-G (IT IS UNLIKELY THAT BOTH H AND J WOULD 
BE DEFECTIVE). 

3. TEST 2 ISOLATES FAULT TO EITHER MODULES E-F OR MODULE G. 

4. ae 3 DETERMINES F OUTPUT IS BAD AND ISOLATES DEFECTIVE 
IRCUIT. 


Figure 1-1. Example of Bracketing Procedure. 


QUESTIONS: 
Q1. In "bracketing" to isolate a fault you will need to use the 
and diagrams in the equip- 
ment's technical manual. 
Q2. The hardest type of circuit to troubleshoot is a 
circuit. 
Q3. The "bracketing" technique is usually completed when you have 
isolated the faulty: 
a. function. 
b. circuit. 


c. part. 


ANSWERS: 


Al. In "bracketing" to isolate a fault you will need to use the 
schematics and block diagrams in the equipment technical manual. 


A2. Experience has shown that the feedback circuit, and especially the 
positive feedback circuit, is the most difficult type of circuit to 
troubleshoot. Operation of the positive feedback circuit is dependent 
on every part; if the "loop" is opened anywhere, the entire circuit 
generally ceases to function. This prevents use of one of the most 
useful tools you have, your oscilloscope. 


A8. The point where the bracketing procedure is completed is the faulty: 

a. function. Incorrect. You start using the bracketing proce- 
dure after you have identified the faulty function. 

b. circuit. Correct. After the faulty circuit has been isolated 
you are ready to make the detailed tests and analysis to 
identify the faulty part; the bracketing procedure is not use- 
ful for these tests. 

. part. Incorrect. The bracketing procedure is not useful 
for tests at this level since bracketing involves signal eval- 
uation; isolation of the defective component requires more 
detailed tests. 


Step 6 — Failure Analysis 


The troubleshooting procedure thus far has narrowed the trouble to a 
single circuit consisting of a tube or a transistor and a few parts. If there 
is no output from the circuit, tube testing and voltage/resistance checks at 
tube pins are your best bet. However, such checks can be minimized if 
there is an output that can be examined for distortions that will reveal the 
circuit part(s) that are most likely at fault. Quite often the waveform will 
identify the malfunction to be in the grid, or cathode, or plate, or screen 
portions of the circuit. Such a study should be made before any of the parts 
are checked. 

When the faulty part has been identified, it should not be replaced until 
you can substantiate that it is causing the actual trouble. A suspected open 
resistor, shorted capacitor, detuned coil, or weak tube may not be the rea- 
son (or the only reason) for the faulty output of the circuit. Such a defect 
may have resulted from another trouble. If you replace the part without an 
adequate technical reason, you may not cure the trouble. Analyze the fail- 
ure before making the repair. 


QUESTIONS: 
Q1. Step 6 of the six-step troubleshooting procedure has two parts. 
Which of the following are part of step 6? (Choose two.) 
a. Isolate the faulty component. 
b. Analyze the failure. 


c. Replace the faulty component. 


Q2. Distortion in a circuit can best be isolated by using: 
a. avtvm. 
b. a vom. 
c. an oscilloscope. 


d. a signal generator. 


ANSWERS: 


Al. The two parts you chose for step 6 of the six-step troubleshooting 
procedure are: 
a. Isolate the faulty component. Correct. When you have iso- 
lated the faulty component, you are halfway through step 6. 
b. Analyze the failure. Correct. After you have isolated the 
faulty component, you should analyze the circuit and make 
any additional checks necessary to be sure you have the 
component(s) which actually caused the trouble. 
c. Replace the faulty component. Incorrect. When you replace 
the faulty component, you should be through troubleshooting. 
You should know if you are replacing the actual cause of 
the trouble. 


A2. Distortion in a circuit can best be isolated by using: 

a. avtvm. Incorrect. A vtvm would probably prove frus- 
trating in isolating a malfunction which is causing distortion. 
The voltage and resistance measurements would probably be 
close to the expected value if you consider that some resis- 
tors have a 10% tolerance. 

b. vom. Incorrect. A vom would probably prove frustrating 
in isolating a malfunction which is causing distortion. The 
voltage and resistance measurements would probably be 
close to the expected value if you consider that some resis- 
tors have a 10% tolerance. 

c. an oscilloscope. Correct. Sources of distortions can be 
isolated easiest with an oscilloscope since the type of dis- 
tortion can be observed and analyzed. 

d. a signal generator. Incorrect. The signal generator is a 

good tool when there is no signal (the generator supplies 
one); it is useless when the signal is present but not normal. 


Advantages of Using the Six-Step Troubleshooting Procedure 


If a radioman reported that a transmitter was not operating properly, 
you wouldn't rush to the transmitter and start taking voltage and resistance 
measurements without some idea of where the trouble existed. This ap- 
proach would waste time and would probably not repair the equipment. For 
many years good technicians approached all malfunctioning equipment in a 
logical manner which helped them to locate and correct malfunctions in a 
relatively short period of time. The approach these good technicians used 
was studied; as a result the six-step troubleshooting procedure was evolved 
to help all technicians become better technicians. The six-step trouble- 
shooting procedure helps technicians to troubleshoot even the most complex 
equipment in a logical manner and reduce equipment down-time. 


The six-step troubleshooting procedure is designed to isolate a trouble 
in an orderly manner, with a minimum of time and effort. Success in using 
the procedure is dependent upon your knowledge of electronics and the 
equipment, and your skill in using the technical manual and test equipment. 
The process is no more complicated than your ability to subdivide an equip- 
ment into progressively smaller areas — from functional units to circuit 
groups, to a circuit, and finally a part or an adjustment within the circuit. 


CHAPTER I REVIEW QUESTIONS 
Note: See appendix A for correct answers. 


Choose the best answers: 


Q1. The six-step troubleshooting procedure is the application of: 
. trial and error techniques. 

. Easter-egging techniques. 

. the trouble chart in the technical manual. 

. systematic troubleshooting techniques. 


ormemoms™) 


Q2. An equipment has degraded performance. Before it can be repaired, 
the trouble symptom must first be: 
a. recognized. 
b. listed. 
c. localized. 
d. analyzed. 


Q3. Once you have recognized a trouble symptom, your next step is to: 
. replace the faulty part. 

. elaborate on the symptom. 

. write a description of the symptom. 

. isolate the faulty circuit. 


adae 


Q4. Determining the probable locations of a trouble is: 
a. symptom elaboration. 
b. listing the probable faulty functions. 
c. localizing the faulty function. 
d. localizing the faulty circuit. 


Q5. The first time bench test equipment will be used is in: 
a. symptom elaboration. 
b. listing the probable faulty functions. 
c. localizing the faulty function. 
d. localizing the faulty circuit. 


Q6. "Bracketing" is used to localize a faulty: 
a. function. 
b. circuit. 
c. part. 


Q7. A technician replaces a faulty part in a circuit. When he turns on the 
equipment the part goes bad again. This technician did not do a good 
job of: 

a. symptom elaboration. 

b. symptom recognition. 

c. failure analysis. 

d. localizing the faulty circuit. 


Q8. The six-step troubleshooting procedure usually: 
a. reduces circuit complexity. 
b. reduces troubleshooting time. 
c. eliminates the need for a technical manual. 
d. eliminates the need for test equipment 
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CHAPTER II 


INTRODUCTION TO THE AN/URC-32 RADIO SET 


This chapter consists of reading assignments in NAVSHIPS 93285(B), 
supplementary information, and self-test questions to help you become 
familiar with the AN/URC-32 Radio Set. The chapter is organized in four 
sections, as follows: 

Section A (Lessons 1 through 7) General Description of the AN/ 
URC-32 Radio Set 

Section B (Lessons 8 through 19) Principles of Operation 

Section C (Lessons 20 through 26). Front Panel Controls and 


Indicators 
Section D (Lessons 27 through 30) Typical Trouble Symptoms in 
Communications Equipment. 

Start at lesson 1 and work through the chapter in consecutive order. 
Answer all of the questions at the end of each lesson before starting the next 
lesson. When you complete this chapter you will have a good understanding 
of the operation of the AN/URC-32 Radio Set and will be ready for the 
troubleshooting problems in chapters III and IV. 

If you are already familiar with the AN/URC-32 you may skip directly 
to the review questions at the end of the chapter. Answer all the review 
questions, then evaluate your knowledge by comparing your answers with 
those in appendix A. If you miss any of the questions, review the text 
referenced with the answer. 

Throughout this chapter (and chapters ITI and IV) the military nomen- 
clature has been used in preference to the informal descriptive names for 
the various units. The reason for this will become clear when you begin 
working with the servicing block diagrams and schematics; however, you 
will probably find it rather confusing at first. A cross reference list has 
been printed on the last page of this book to help overcome this confusion; 
the list is on a foldout page so it can be seen at all times. 


LESSON NO. 1 
INTRODUCTION 


The AN/URC-32 Radio Set is representative of a class of communica- 
tions equipments called "transceivers." The basic difference between a 
transmitter-receiver and a transceiver is that the transceiver includes 
functions which are used during both transmit and receive operations; the 
transmitter-receiver is essentially a combination of a transmitter and 
receiver in a single cabinet. 

Some of the functions of the AN/URC-32 are used during both transmit 
and receive operations. You will become familiar with these functions as 
you read through this chapter. 
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Read paragraph 1-2, page 1-1 in NAVSHIPS 93285(B), then answer the 
self-test questions listed below. 


Ql. 


Q2. 


Q3. 


Q4. 


Q5. 


What is the frequency range of the AN/URC-32? 
What is the main mode of operation? 


What other modes of operation are available? 


What is the peak envelope power (PEP) of the AN/URC-32 
transmission? 


Is the AN/URC-32 a transmitter-receiver or a transceiver? 
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ANSWERS: 


Al. The AN/URC-32 can transmit and receive over a range of fre- 
quencies from 2 to 30 megacycles. 


A2. The main mode of operation of the AN/URC-32 is single-sideband 
(SSB). 


A3. The Radio Set can also operate in AM (compatible), CW, and 
FSK modes. 


A4. The maximum transmitted signal power is 500 watts PEP. 


A5. The AN/URC-32 is a transceiver; many of its circuits are shared 
by both the transmit and receive functions. 


LESSON NO. 2 
AN/URC-32 TRANSMIT SIGNAL 


Read paragraphs 4-2 and 4-2a, pages 4-1 and 4-2 of NAVSHIPS 
93285(B). Note that in CW operation, the tone is keyed on or off; there are 
no "mark" and "space" frequencies. A CW tone of 1.0 kc or 1.5 ke can 


be used. 
Answer the following questions. 


Q1. The AN/URC-82 transmits and receives at the same frequency 


because 


Q2. The audio from the control-power supply unit goes to the 


Q3. The LSB audio from the amplifier-control unit goes to the 


Q4. The USB audio from the amplifier-control unit goes to the 


and then to the 


Q5. If the CW or FSK mode of operation is used, the output from the 


key is routed from the converter-monitor unit to the 


a ee ee Re a ee ee 
Q6. The amplifier-converter-modulator output frequency is 


Q7. In CW operation the frequency of the CW tone is or 
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Q8. The FSK "mark" tone frequency is and the "space'' tone 
frequency is 
Q9. What unit determines the transmitting frequency of the AN/URC-32? 
. 
Q10. The amplifier-converter-modulator is similar to 


in an ordinary AM transmitter. 


a. an oscillator-amplifier 


b. an RF power amplifier 


c. a speech amplifier 
d. a modulator 
Q1l. The converter-oscillator is similar to 
in an ordinary AM transmitter. 
a. an oscillator-amplifier 
b. an RF power amplifier 
c. a speech amplifier 
d. a modulator 
Q12. The amplifier-control is similar to 
in an ordinary AM transmitter. 
a. an oscillator-amplifier 
b. an RF power amplifier 
c. a speech amplifier 


d. a modulator 


ANSWERS: 


Al. The AN/URC-32 transmits and receives at the same frequency be- 
cause it has common tuned circuits and a common injection signal. 


A2. The audio from the control-power supply unit goes to the amplifier- 
control unit. See figure 4-1. 


A3. The LSB audio from the amplifier-control unit goes to the 
amplifier-converter-modulator unit. See figure 4-1. 


A4. The USB audio from the amplifier control unit goes to the converter- 
monitor unit and then to the amplifier-converter-modulator unit. 
See figure 4-1. 


A5. If the CW or FSK mode of operation is used, the output from the key 
is routed from the converter-monitor unit to the amplifier- 
converter-modulator unit. See figure 4-1. 


A6. The amplifier-converter-modulator output frequency is 300 ke. 
AT. In CW operation the frequency of the CW tone is 1.0 ke or 1.5 kc. 


A8. The FSK "mark" tone frequency is 2425 cps and the "space" tone 
frequency is 1575 cps. 


A9. The converter-oscillator unit determines the transmitting frequency 
of the AN/URC-32. 


Al0. The unit you selected as being similar to the amplifier-converter- 
modulator is: 

a. an oscillator-amplifier. Incorrect. The amplifier- 
converter-modulator does not determine the operating 
frequency of the AN/URC-32. 

b. an RF power amplifier. Incorrect. The amplifier- 
converter-modulator does not amplify the signal to maxi- 
mum output power. 

c. a speech amplifier. Incorrect. Amplification of the voice 
audio is accomplished before the amplifier-converter- 
modulator. 

d. a modulator. Correct. The amplifier-converter-modulator 

modulates an RF signal in the balanced modulator. 


All. The unit you selected as being similar to the converter-oscillator 
unit is: 
a. an oscillator-amplifier. Correct. The converter-oscillator 
contains the oscillator and amplifier which determine the 
operating frequency of the AN/URC-32, amplify this signal, 
and feed it to the power amplifier. 
b. an RF power amplifier. Incorrect. Power amplification 
takes place following the converter-oscillator unit. 


c. a speech amplifier. Incorrect. Audio is not amplified in 
the converter-oscillator. 


d. a modulator. Incorrect. Modulation takes place in the 
amplifier-converter-modulator . 


Al2. The unit you selected as being similar to the amplifier-control 
unit is: 
a. an oscillator-amplifier. Incorrect. The amplifier-control 
unit does not generate the transceiver operating frequency. 

b. an RF power amplifier. Incorrect. There are no RF sig- 
nals in the amplifier-control unit. 

c. a speech amplifier. Correct. The audio is amplified in 
the amplifier-control unit by the USB and LSB amplifiers, 
then sent to the sideband generators. 

d. a modulator. Incorrect. Modulation takes place in the 

amplifier-converter-modulator. 


LESSON NO. 3 
AN/URC-32 RECEIVE SIGNAL 


The AN/URC-32 tunes from 2 mc to 30 mc. In the receive mode tae 
transceiver acts as a double-conversion superheterodyne over the fre- 
quency range of 3.7 mc to 30 mc and a single-conversion superheterodyne 
in the 2.0 mc to 3.7 mc band. The two IF frequencies are 300 ke and a 
variable 1.7 mc to 3.7 mc. The variable 1.7 mc to 3.7 me IF is used 
as the receiver input when the transceiver is used as a single-conversion 
superhetrodyne. 

Read NAVSHIPS 93285(B) paragraph 4-2b, page 4-5, then answer the 
following questions: 


Ql. The input received signal is fed to the 

Q2. The frequency of the IF signal sent to the amplifier-converter- 
modulator unit from the converter-oscillator unit is 

Q38. Which unit provides the bfo signal? 

@4. Which unit contains the demodulator circuit? 

@5. The LSB audio from the amplifier-converter-modulator unit is fed 


to the: 
a. amplifier-control unit. 


b. converter-monitor unit. 
c. converter-oscillator unit. 
d. signal comparator unit. 


Q6. During receive operation the converter-oscillator unit is similar 


to the in an ordinary communications receiver. 


a. RF amplifier, mixer, and oscillator 
b. IF amplifier and detector 
ec. audio amplifier 
Q7. During receive operation the amplifier-converter-modulator unit 


is similar to the 


in an ordinary communications receiver. 
a. RF amplifier, mixer, and oscillator 
b. IF amplifier and detector 


ce. audio amplifier 


ANSWERS: 


Al. 
A2. 


A3. 
A4, 


AS. 


The input received signal is fed to the converter-oscillator unit. 


The frequency of the IF signal sent to the amplifier-converter- 
modulator unit from the converter-oscillator unit is 300 kc. 


The converter-monitor unit provides the bfo signal. 


The 


amplifier-converter-modulator unit contains the demodulator 


circuit. 
The LSB audio from the amplifier-converter-modulator is fed to 


the: 


a. amplifier-control unit. Incorrect. The LSB audio is fed to 


the signal comparator where it is used in making off-the- 
air frequency checks. If no off-the-air frequency checks 
are being made, the LSB audio is sent from the signal com- 
parator to the amplifier-control unit. 


. converter-monitor unit. Incorrect. No audio is sent to the 


converter-monitor in the receive function. The converter- 
monitor is only used in the transmit function. In USB, LSB, 
and AM modes of operation, the converter-monitor only 
monitors these audio signals with the audio level (VU) 
meter. In CW and FSK modes of operation the converter- 
monitor provides the keyed audio tones. 


. converter-oscillator. Incorrect. In the receive function 


the converter-oscillator is an RF to IF translator. There 
is no LSB or USB audio associated with this unit. 


. Signal comparator. Correct. The LSB audio is used to 


make frequency checks using another station's signal (such 
as WWV). The audio is fed from the amplifier-converter- 
modulator to the signal comparator for this purpose. 


A6. The unit you selected as being similar to the converter-oscillator 
unit is: 


a. RF amplifier, mixer, and oscillator. Correct. The in- 


coming signal is amplified, mixed with the oscillator signal. 
and fed to the amplifier~converter-modulator unit. 


. IF amplifier and detector. Incorrect. The IF frequency is 


300 ke which is the output of the converter-modulator. The 
amplifier-converter-modulator amplifies the IF signal and 
removes the audio. 


. audio amplifier. Incorrect. Audio amplification takes 


place in amplifier-converter-modulator and the amplifier- 
control unit. 


A7. The unit you selected as being similar to the amplifier-converter- 
modulator unit is: 


a. RF amplifier, mixer, and oscillator. Incorrect. The 


amplifier-converter-modulator only amplifies the 300 ke 
IF signal. 


. IF amplifier and detector. Correct. The amplifier- 


converter-modulator amplifies and detects the audio 
on the 300 ke signal. The audio is then sent to the 
amplifier-control unit. 


. audio amplifier. Incorrect. Although the audio is ampli- 


fied in the amplifier-converter-modulator, the main pur- | 
pose is IF amplification and audio detection. 
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LESSON NO. 4 
AN/URC-32 CONTROL CIRCUITS 


Read NAVSHIPS 93285(B) paragraph 4-2c, pages 4-5 and 4-6. Refer to 
the Control Circuit Functional Block Diagram, figure 4-4 on page 4-7, to 


answer the following questions: 


Q1. The relay amplifier is used to key the transmitter when the OCS 
CONTROL switch is in the and positions. 


Q2. If the REMOTE-LOCAL switch were in the LOCAL position, could 
a teletype operator key the transceiver and transmit a message? 


Q3. The function of R16 in the radio frequency amplifier is to: 
a. prevent arcing of the relay contacts. 
b. reduce power output from the radio frequency amplifier 
during tuning. 
c. lower the 2000v for tuning. 
Q4. The TRANSMIT TEST switch is located on the: 
a. converter-monitor. 
b. amplifier-control. 
ce. converter-oscillator. 
d. amplifier-converter-modulator. 


Q5. Relay K2 in the converter-oscillator performs two functions. 


They are: UO es ee 
BOY eS oe a 


Q6. The buffer amplifier in the converter-monitor unit has a blocking 
voltage applied to its grids when the OSC CONTROL switch is in 


the or position. 


ANSWERS: 


Al. The relay amplifier is used to key the transmitter when the OSC 
CONTROL switch is in the CWi and CW1.5 positions. 


A2. No. With the REMOTE-LOCAL switch in the LOCAL position the 


teletype operator has no means of keying the transmitter. 


. The function of R16 in the radio frequency amplifier is to: 

a. prevent arcing of the relay contacts. Incorrect. Resistors 
are seldom used for this purpose. 

b. reduce power output from the radio frequency amplifier. 
Correct. R16, when inserted into the circuit by switch S1B, 
reduces the voltage to the driver plates and the power am- 
plifier screens, thus reducing signal power for tuning. 

. lower the 2000v for tuning. Incorrect. R16 affects only 
the 400v supply. 


A4. The TRANSMIT TEST switch is located on the: 

a. converter-monitor unit. Correct. The TRANSMIT TEST 
switch grounds the keyline in the converter-monitor unit. 

b. amplifier-control unit. Incorrect. The TRANSMIT TEST 
switch is located on the converter-monitor unit, 

c. converter-oscillator unit. Incorrect. The TRANSMIT 
TEST switch is located on the converter-monitor unit. 

d. amplifier-converter-modulator unit. Incorrect. The 
TRANSMIT TEST switch is located on the converter- 
monitor unit. 


. Relay K2 in the converter-oscillator (a) disconnects the receive 


rf input and (b) applies a blocking bias to ) the receiver circuits. 


. The buffer amplifier in the converter-monitor unit has a blocking 
voltage applied to its grids when the OSC CONTROL switch is in 
the CW1 or CW1.5 position. 


2-12 


LESSON NO. 5 
AN/URC-32 POWER SUPPLIES 


Read NAVSHIPS 93285(B) paragraph 4-2d, page 4-6. 

In addition to the power supplies shown in figure 4-1 there are two 
other smaller power supplies located in the radio frequency amplifier and 
control-power supply. The power supply in the radio frequency amplifier 
supplies bias voltage to the power amplifier tubes; the power supply in the 
control-power supply supplies microphone voltage to the handset. Refer to 
figure 4-1, AN/URC-32 Functional Block Diagram, on page 4-2 to answer 


the following questions. 


Ql. The high voltage power supply provides voltage for the 
Q2. The high voltage power supply output voltages are and 
Q3. The voltage outputs from the low voltage power supply are 


Q4. The radio frequency amplifier obtains bias voltage from: 
a. the low voltage supply. 
b. the high voltage supply. 
c. the control-power supply. 
d. an internal bias supply. 
Q5. All voltages from the high and low voltage power supplies go through 
Junction Box J-1007/U except the: 
a. +400 vde. 
b. +2000 vde. 
c. +250 vde. 


d. +28 vde. 


ANSWERS: 


Al. The high voltage power supply provides voltage for the radio fre- 
quency amplifier. 


A2. The high voltage power supply provides +2000v and +400 vdc. 


A3. The low voltage power supply provides 6.3 vac and +28v, -90v, 
+130v, and +250 vdc. 


A4. The radio frequency amplifier obtains bias voltage from: 

a. the low voltage supply. Incorrect. The low voltage supply 
does not supply any voltages to the radio frequency 
amplifier. 

. the high voltage supply. Incorrect. The high voltage 
supply contains only the +400v and +2000v supplies for radio 
frequency amplifier plate and screen voltages. 

. the control-power supply. Incorrect. The control-power 
supply contains only the microphone power supply. 

. an internal supply. Correct. The radio frequency ampli- 
fier contains its own bias voltage supply. 


A5. All voltages from the high and low voltage power s‘pplies go 
through Junction Box J-1007/U except the: 
a. +400 vde. Incorrect. The 400 vde is rouixd through 
J-1007/U. 
- +2000 vde. Correct. The 2000 vde is routed directly to 
the radio frequency amplifier. 
. +250 vde. Incorrect. The 250 vde is routed through 
J-1007/U. 
. +28 vde. Incorrect. The 28 vdc is routed through J-1007/U. 


LESSON NO. 6 
AN/SRA-22, ANTENNA COUPLER GROUP 


Antenna Coupler Group AN/SRA-22 consists of two units, the antenna 
coupler (tuning) unit and the antenna coupler control unit. The antenna cou- 
pler is mounted near the antenna and contains the variable inductance and 
capacitance components needed for impedance matching the transceiver to 
the antenna. The antenna coupler control unit is mounted in the AN/URC- 
32 transceiver and is the remote control unit for the antenna coupler. The 
antenna coupler control unit contains a directional wattmeter, which meas- 
ures the forward or reflected power of the transceiver. The antenna relay, 
which switches the antenna for transmit or receive operation, is also in 
the antenna coupler control unit. 

During tune or test operations the transceiver output may be connected 
to an external dummy load via the LOAD-ANT switch on the antenna coupler 
control unit. The TUNE-OPERATE interlock circuit (in the radio frequency 
amplifier unit) is completed through the TUNE-OPERATE switch on the 
antenna coupler control unit; full transceiver power output cannot be obtained 
unless this interlock circuit is "closed" by placing both switches in their 
OPERATE positions. 

Schematics for the antenna coupler group are provided in NAVSHIPS 
93285(B), figures 5-129 and 5-130, pages 5-132 and 5-133. 


QUESTIONS: 


Q1. The antenna coupler group consists of the 


unit and the unit. 
Q2. The WATTMETER is located in the unit. 
Q3. The dummy load is connected to the unit. 


Q4. Components L1 and C7 in the antenna coupler unit (figure 5-129) 


are used to 


ANSWERS: 


Al. The antenna coupler group consists of the antenna coupler unit, 
which is located near the antenna, and the antenna coupler control 
unit, which is mounted in the AN/URC-32 Radio Set. 


. The WATTMETER is mounted in the antenna coupler control unit. 
The WATTMETER indicates forward or reverse power for achiev- 
ing proper transceiver-to-antenna impedance match, and forward 
power to monitor the transmission signal level. 


. The dummy load is connected to the antenna coupler control unit. 
The LOAD-ANT switch connects the transceiver output to either 
the dummy load or the antenna. 


. Components L1 and C7 in the antenna coupler unit are used to 
match the impedance of the antenna to that of the transceiver. The 
coil (L1) tap position and the capacitor connection are motor driven 
under controlfrom the antenna coupler control unit. 


LESSON NO. 7 
AN/URC-32 FUNCTIONAL BLOCK DIAGRAM 


To efficiently troubleshoot any electronic equipment you must have a 
thorough understanding of the functional signal flow through the equipment. 
The second and third steps of the six-step troubleshooting procedure, 
symptom elaboration and listing the probable faulty functions, cannot be 
efficiently and quickly performed if you have not taken time to study the 
equipment manual. If you know your equipment well you will be able to plan 
symptom elaboration in your head, on the spot, and have a good idea in 
which functional unit the fault could be before you ever pick up the tech 
manual. 

In the previous lessons you studied the overall functions of the radio 
set, its receive and transmit signals, and its power supply and control 
functions. As an exercise to see how well you have learned the material 
presented this far, close the AN/URC-32 manual and answer the following 
questions. Refer to the AN/URC-32 functional block diagram in Appendix 
D, if necessary: 


Ql. The received RF signal from the antenna coupler goes to the 


a ee ee se ee en eee er eee 
Q2. The received RF signal is heterodyned to an intermediate frequency 


of 


Q3. 


Q4. 


Qs. 


Q6. 


Q7. 


Q8. 


Q9. 


The IF output from the converter-oscillator is routed to the 


The received (demodulated) LSB audio is routed to the 
and from there to the 

The demodulated USB audio is routed from the amplifier-converter- 
modulator directly to the 
for distribution to the local and remote audio locations. 
The signal comparator receives a 1 kc signal from the 

during receive operation. 
During transmission the LSB audio is sent from the amplifier- 
control unit directly to the unit; 
the USB audio is routed through the 
During transmission the audio is fed to a balanced modulator to 
produce a modulated SSB IF signal at ke (approximately). 
The amplifier-converter-modulator receives tgc (transmitted gain 
control) voltage from the and 


sends tgc voltage to the 


ANSWERS: 


Al. The received RF signal from the antenna coupler goes to the 
converter-oscillator unit. 


A2. The received RF signal is heterodyned in the converter-oscillator 
to produce a 300 kc IF signal. 


A3. The IF output from the converter-oscillator is routed to the 


amplifier-converter-modulator unit. 


A4. The demodulated LSB audio is routed to the signal comparator and 
from there to the amplifier-control unit. 


A5. The demodulated USB audio is sent from the amplifier-converter- 
modulator unit directly to the amplifier-control unit for distribu- 
tion to the local and remote audio locations. 


. The signal comparator receives a 1 kc signal from the converter- 
oscillator unit during receive operation. The 1 ke signal is used 
for monitoring. 


. During transmission the LSB audio is sent from the amplifier- 


control unit directly to the amplifier-converter-modulator unit; 


the USB signal is routed through the converter-monitor unit. 


. During transmission the audio is fed to a balanced modulator to 
produce a modulated SSB IF signal at 300 kc. 


. The amplifier-converter-modulator receives tgc voltage from the 
radio frequency amplifier and sends tgc voltage to the converter- 
oscillator. 


NOTE: This completes Section A, General Description. Lessons 8 
through 19 make up Section B, which presents principles of 
operation of each of the functional units in the AN/URC-32. 


LESSON NO. 8 
INTERCONNECTING BOX J-1007/U 


Read NAVSHIPS 93285(B) paragraphs 4-3 and 4-3a on page 4-6 and 
answer the following questions. 
Q1. The fuses contained in box J-1007/U are the: 
a. 400v and 2000v high voltage fuses. 
b. 250v low voltage fuses. 
c. primary power fuses. 
d. blower motor fuses. 
Q2. The thermal relay in the junction box prevents excessive antenna 
current from damaging the: 
a. converter-oscillator. 
b. wattmeter circuit. 
c. antenna coupler. 
d. radio frequency amplifier. 
Q3. The red indicator light, DS1, will light when: 
a. the transmitter interlocks are open. 
b. the receiver antenna has been disconnected. - 


c. the fuses in J-1007/U are blown. 


ANSWERS: 


Al. The fuses contained in box J-1007/U are the: 


a. 400v and 2000v high voltage fuses. Incorrect. The high 


voltage fuses are located in the high voltage power supply. 


. 250v low voltage fuses. Incorrect. The +250v fuse is 


located in the low voltage power supply. 


. primary power fuses. Correct. Primary power is con- 


nected to the AN/URC-32 through the interconnection box. 
The fuses are placed in this unit before the primary power 
is distributed to other units. 


. blower motor fuses. Incorrect. The blower motor ''shares" 


the low voltage power supply fuses which are located in the 
low voltage supply. 


A2. The thermal relay prevents excessive antenna current from 
damaging the: 
a. converter-oscillator unit. Correct. The thermal relay 


prevents damage to the converter-oscillator during the 
receive function. 


. wattmeter circuit. Incorrect. The thermal relay protector 


would be of no use to the wattmeter circuit since the thermal 
relay protector is connected between the converter- 
oscillator and the antenna coupler control. 


. antenna coupler. Incorrect. The antenna coupler is de- 


signed for high RF power; it needs no protection. 


. radio frequency amplifier. Incorrect. The radio frequency 


amplifier is not connected in any way to the thermal relay. 


A8. The red indicator light, DS1, will light when: 


a. 


b. 


Cc 


the transmitter interlocks are open. Incorrect. There is 
no indicator for the transmitter interlocks on J-1007/U. 
the receiver antenna has been disconnected. Correct. DS1 
lights when the thermal relay has been actuated. 


. the fuses in J-1007/U are blown. Incorrect. Blown fuses 


are indicated by the FUSE INDICATORS. 


2-20 


LESSON NO. 9 
RADIO FREQUENCY AMPLIFIER AM-2061/URT 


Read NAVSHIPS 93285(B) paragraph 4-3b, pages 4-9 through 4-138. 
Refer to the radio frequency amplifier servicing and schematic diagrams, 
figures 4-6 and 5-99, when answering the following questions. 


Q1. The radio frequency amplifier driver tubes (V1 and V2) are con- 
nected in: 


a. push-pull. 
b. parallel. 


c. cascade. 
Q2. Negative feedback is used in the radio frequency amplifier to 
increase: 


a. gain. 
b. linearity. 


c. distortion. 

Q3. Filament voltage for the radio frequency amplifier is obtained from: 
a. the high voltage power supply. 
b. the low voltage power supply. 


c. an internal filament transformer. 


Q4. R16 in the radio frequency amplifier is used to reduce the power 


output by reducing 
@5. The +2000 vde plate supply is connected to V3 and V4 approxi- 


mately 20 seconds after the filament voltage is supplied due to the 


time delay action of relay 


Q6. High voltage (2000 vdc) to the radio frequency amplifier is 
indicated by: 
a. Ml. 
b. DS1. 
c. Kl. 
d. K8. 


Q7. During CW operation, the radio frequency amplifier uses: 
a. plate keying. 


b. cathode keying. 


c. grid block keying. 


Al. The radio frequency amplifier driver tubes are connected in: 
a. 


A2. 


AS. 


A4., 


AS. 


AG. 


Aq. 


Negative feedback is used in the radio frequency amplifier to 
increase: 
a. 
b. 


Cc. 


Filament voltage for the radio frequency amplifier is obtained from: 
a. 


b. 


R16 reduces the power output by reducing the plate voltage to the 


driver amplifiers and the screen voltage to the power amplifiers. 
This drops the gain at the four tubes, reducing the power output. 
R16 is inserted in the +400v line when the tune-operate interlock 
is opened. 


V3 and V4 are protected by time delay relay Kl. The cathodes of 
V3 and V4 could be "stripped" if the tubes were allowed to conduct 
before the filaments were hot. 


High voltage (2000v) to the radio frequency amplifier is indicated 


by: 


a. 
b. 


Cc. 


d. 


During CW operation, the radio frequency amplifier uses: 
a. plate keying. Incorrect. The plate voltage is continuously 


b. 


Cc. 


. parallel. Correct. The grid and plate currents of both 


. cascade. Incorrect. In a cascade circuit, the V1 output 


. an internal transformer. Correct. T1 in the radio fre- 


push-pull. Incorrect. In push-pull the plate currents flow 
180° out-of-phase. Referring to figure 5-99 you will notice 
that the plates, grids, and cathodes of the tubes are con- 
nected together; the plate currents are in-phase. 


tubes are in-phase because of the wiring arrangement. 


would be applied to the grid of V2. In this case, the driver 
plates, cathodes, and grids are connected together, in 
parallel. 


gain. Incorrect. Negative feedback reduces gain. 
linearity. Correct. Negative feedback stabilizes gain and 
broadens frequency response, thus increasing linearity. 
distortion. Incorrect. Negative feedback is used to reduce 
distortion. 


the high-voltage power supply. Incorrect. The high voltage 
power supply does not provide any filament voltages. 

the low voltage power supply. Incorrect. The low voltage 
power supply supplies all filaments except those in the 
radio frequency amplifier. 


quency amplifier supplies the required filament voltage. 


M1. Incorrect. Meter M1 measures the plate current 
through V3 and V4. 

DS1. Correct. When 2000v is present to the radio fre- 
quency amplifier, DS1 will illuminate. 

Kl. Incorrect. Relay K1 is the time delay relay. 

K3. Incorrect. Relay K3 is the 400v interlock relay. 


applied during CW operation. 
cathode keying. Incorrect. The cathode circuit is not 
opened at any time during operation. 

grid block keying. Correct. In the key-up condition the 
grids of the driver and power amplifier tubes are biased 
at cutoff. 


LESSON NO. 10 ky, 
CONVERTER-OSCILLATOR CV-731/URC 


The converter-oscillator employs a stabilized master oscillator (smo) 
circuit to maintain the transceiver on frequency. Take a look at the simpli- 
fied oscillator stabilization system in figure 2-1, below. The master oscil- 
lator output drives the transmitter and at the same time provides an output 
to the stabilization circuits. In the stabilization circuits the mo output is 
mixed with a signal from the sidestep oscillator. The output of the mixer 
goes to the discriminator and its frequency is compared to a reference fre- 
quency. If the mo drifts, the discriminator senses a frequency shift and 
sends a correction (afc) voltage to the mo to shift its frequency so that the 
two frequencies at the discriminator will be equal. This stabilizes the out- 
put frequency from the mo to the transmitter. 

Note that changing the frequency of the sidestep oscillator will also 
cause a different frequency output from the mixer. The discriminator senses 
the frequency shift and sends a "correction" voltage to the mo. The mo 
shifts frequency until the mixer output frequency is the same as the refer- 
ence frequency, which nulls the correction voltage. Thus by changing the 
sidestep oscillator frequency, the mo frequency will change. The AN/URC-32 
uses a more complex version of this method to obtain small frequency changes. 


REFERENCE 
FREQUENCY 


FREQUENCY 
DISCRIMINATOR 


SIDESTEP 
OSCILLATOR 


TRANSMITTER 


Figure 2-1. Simplified Smo and Sidestep Oscillator Block Diagram. 


Read NAVSHIPS 93285(B) paragraphs 4-3c through 4-3c(1), pages 4-13 
through 4-20, and answer the following questions. 


Ql. The converter-oscillator supplies a 100 ke signal to the 


Q@2. The converter-oscillator supplies a 1 ke signal to the 


Q3. When is the isolation amplifier used? 
Q4. During receive operation, the RF tuner uses double conversion on 
all bands except the to mc band. 


Q5. The injection signal used in the RF tuner is received from the 


Q6. The smo can be mechanically tuned in increments of ke. 
Q7. On bands 3 and 4, the smo may require both mechanical and 
tuning. 
Q8. The sidestep oscillator is used to generate: 
a. the reference frequency. 
b. the basic frequencies which are used for electrical tuning. 
c. the injection signal for the RF tuner. 


Q9. The smo is phase-locked to the reference oscillator to maintain 


frequency 
Q10. The frequency divider supplies a ke signal to the smo 
and a ke signal to the sidestep oscillator. 


Qll. 


Ql2. 


Q13. 


Qi4. 


Q15. 


The oven heater and temperature sensor in the reference oscillator 
module consists of a: 

a. mercury thermometer. 

b. thermocouple. 


c. temperature sensitive bridge. 


The transmitted (or the received) signal is mixed with injection 
signal in the module. 

The tgc voltage from the amplifier-converter-modulator is fed to 
the in the RF tuner. 

The reference oscillator provides reference signals of ke 


and mc. 


The RF output from the converter-oscillator can be monitored by 


using the meter on the unit. 


ANSWERS: 


Al. 


A2. 


A3. 


A4. 


AS. 


A6. 


AT. 


A8. 


The converter-oscillator supplies a 100 ke signal to the amplifier- 
converter-modulator. 


The converter-oscillator supplies a 1 kc signal to the signal 
comparator. 


The isolation amplifier is used when an external reference fre- 


quency is used in place of the reference oscillator. 


During receive operation, the RF tuner uses double conversion on 
all bands except the 2.0 to 3.7 mc band. 


The injection signal used in the RF tuner is received from the 
smo. 


The smo can be mechanically tuned in increments of 0.5 ke. 


On Bands 3 and 4, the smo may require both mechanical and 
electrical tuning. 


The sidestep oscillator is used to generate: 

a. the reference frequency. Incorrect. The reference fre- 
quency is generated by the reference oscillator or an 
external frequency standard. 

. the basic frequencies which are used for electrical tuning. 
Correct. The sidestep oscillator provides the signal which 
is mixed with the master oscillator signal. The difference 
between these signals is compared to a reference signal by 
the discriminator. The discriminator output causes the mo 
to change frequency. 

. the injection signal for the RF tuner. Incorrect. The in- 
jection signal for the RF tuner is provided by the smo. 


. The smo is phase-locked to the reference oscillator to maintain 


frequency stability. 


. The frequency divider supplies a 4. ke signal to the smo and a 1 ke 
signal to the sidestep oscillator. 


. The oven heater and temperature sensor in the reference oscillator 


module consists of a: 

a. mercury thermometer. Incorrect. A mercury thermom- 
eter would not be able to maintain the close temperature 
tolerance required by the reference oscillator. Also, the 
mercury thermometer could not provide heating. 

. thermocouple. Incorrect. A thermocouple could maintain 
the close temperature tolerance required by the reference 
oscillator, but could not provide heating. 

. temperature sensitive bridge. Correct. A temperature 
sensitive bridge is used to sense temperature variations 
and to heat the oscillator oven. 


. The transmitted (or received) signal is mixed with the injection 
signal in the RF tuner module. 


. The tgc voltage from the amplifier-converter-modulator is fed to 


the transmitter IF amplifier in the RF tuner. 


. The reference oscillator provides reference signals of 100 kc and 
2.4 me. 


. The RF output from the converter-oscillator can be monitored by 


using the meter on the amplifier-converter-modulator unit. 


LESSON NO. 11 
AMPLIFIER-CONVERTER-MODULATOR AM-2064/URC 


Read NAVSHIPS 93285(B) paragraph 4-3d, pages 4-59 through 4-67, and 
answer the following questions. 


Ql. The 300 ke carrier for AM operation is reinserted: 
a. in the balanced modulator modules. 
b. in the transmit gain control module. 
c. at the output of the amplifier-converter-modulator unit. 
Q2. The only difference between the two balanced modulator modules 
is the : 
Q3. The output frequency of V1 in the carrier generator module is 
ke. 
Q4. If the 100 ke input to carrier generator module shifted frequency 
by 10 cps, the 300 ke output would: 
a. change by 10 cps. 
b. change by 30 cps. 
c. not change. 
Q5. The output from the tgc module is sent to the: 
a. radio frequency amplifier. 
b. RF tuner in the converter-oscillator. 
c. carrier generator module. 


Q6. In the AM IF/AF amplifier module, CR1 functions as the 


Q7. The output of the balanced modulator goes to the: 
a. carrier generator. 
b. converter-oscillator. 
c. amplifier-control. 


d. tge module. 
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ANSWERS: 


Al. The 300 ke carrier for AM operation is reinserted: 

a. in the balanced modulator modules. Incorrect. The 300 ke 
carrier is cancelled out (removed) in the balanced 
modulators. 

. in the transmit gain control module. Incorrect. The tge 
module has only two inputs, the balanced modulator output 
and the radio frequency amplifier tgc voltage output. 

. at the output of the amplifier-converter-modulator unit. 
Correct. The 300 kc signal is reinserted between J6 and J9 
of the amplifier-converter-modulator. 


A2. The only difference between the two balanced modulators is the 
mechanical filters. 


A3. The output frequency of V1 in the carrier generator module is 
300 kc. The 100 kc reference signal is multiplied 3 times to obtain 
300 ke at the output of V1. 


. If the 100 kc input to the carrier generator module shifted frequency 
by 10 cps, the 300 ke output would: 
a. change by 10 cps. Incorrect. Any change in the reference 
frequency would be multiplied by three in the output. 
b. change by 30 cps. Correct. The 10 cps change in the 
reference frequency is multiplied by three, producing a 
30 cps change in the output. 
. not change. Incorrect. The 10 cps change in the reference 
frequency is multiplied by three, producing a 30 cps change 
in the output. 


A5. The output from the tge module is sent to the: 

a. radio frequency amplifier. Incorrect. The output of thetge 
module is the modulated 300 ke signal which goes to the 
converter-oscillator. The radio frequency amplifier 
generates the tgc voltage. 

b. RF tuner in the converter-oscillator. Correct. The output 
of the tge is the modulated 300 ke signal which goes to the 
RF tuner. 

. carrier generator module. Incorrect. The output of car- 
rier generator is connected to the balanced modulator and 
the output of tgc module (reinsertion). The carrier gener- 
ator does not receive tge voltage. 


A6. In the AM IF/AF amplifier module, CR1 functions as the audio 
detector. 
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A7. The output of the balanced modulator goes to the: 
a. carrier generator. Incorrect. The output of the carrier 
generator goes to the balanced modulator and tge module. 
The input to the carrier generator is the 100 ke signal 
from the reference oscillator. 
. converter-oscillator. Incorrect. The balanced modulator 
outputs are fed to the tgce circuit for amplitude control, 


then to the converter-oscillator. 

c. amplifier-control unit. Incorrect. The balanced modu- 
lators are fed by the amplifier-control unit. ; 

d. tgc module. Correct. The tgc module receives the output 
of the balanced modulators and regulates the output signal 
amplitude before ‘sending the signal to the converter- 
oscillator. 


LESSON NO. 12 
CONVERTER-MONITOR CV-730/URC 


Read NAVSHIPS 93285(B) paragraph 4-3e, pages 4-67 through 4-70 and 
answer the following questions. 
Ql. The transmit tones for FSK operation are ____—_—se/ps for mark and 
cps for space. 
Q2. The bfo is used only in the receive mode. 
Q3. The relay amplifier has: 
a. a fast key time and a slow release time. 
b. a Slow key time and a fast release time. 
c. the same key and release times. 
Q4. The 100 ke signal output at J3 is replaced by a ke signal 
from the bfo in the FSK receive mode. 


Q5. Limiter R6 is not used when switch S1 is in the position. 


ANSWERS: 


Al. The transmit tones for FSK operation are 2425 cps for mark and 
1575 cps for space. 


A2. The bfo is used in the FSK receive mode. 


A8. The relay amplifier has: 

a. a fast key time and a slow release time. Correct. The RC 
circuit in the grid of V2B controls the keying attack and 
release times. The circuit prevents the transmitter from 
switching to receive condition during the key-up times ata 
CW transmission. 

. a slow key time and a fast release time. Incorrect. A 
slow key time and a fast release time would not allow 
proper CW operation. 

. the same key and release time. Incorrect. The two RC 
circuits in the grid of the relay amplifier which control the 
key and release time of the relay amplifier have different 
charge-discharge time constants. 


A4. The 100 ke signal output at J3 is replaced by a 300.550 ke signal 
from the bfo in the FSK receive mode. 


A5. Limiter R6 is not used when switch S1 is in the FSK position. 


LESSON NO. 138 
AMPLIFIER-CONTROL AM-2062/URC 


Read NAVSHIPS 93285(B) paragraph 4-3f, pages 4-70 through 4-79 and 
answer the following questions. The questions apply only to AM/2062A/URC, 
@1. When the SIDEBAND SELECTOR switch is in the LOWER position, 
the microphone amplifier is: 
a. connected to thé LSB line amplifier. 
b. connected to the USB line amplifier. 
c. disconnected. 
Q2. The speaker amplifier is a class _____ push-pull amplifier. 
Q3. The speaker amplifier has a maximum power output of 
Q4. When the SIDEBAND SELECTOR switch is in the LOWER position, 
the LSB audio input through T3 is connected to: 
a. the LSB line amplifier. 
b. the USB line amplifier. 


c. terminating resistor R15. 


ANSWERS: 


Al. When the SIDEBAND SELECTOR switch is in the LOWER position, 
the microphone amplifier is: 

a. connected to LSB line amplifier. Correct. In the LOWER 
position the microphone input is connected to the LSB line 
amplifier to allow the operator to use the LSB mode of 
operation. See figure 4-24. 

b. connected to the USB line amplifier. Incorrect. The USB 
line amplifier is connected to the USB audio input through 
T2. See figure 4-24. 

c. disconnected. Incorrect. The microphone amplifier is 
only disconnected in the OFF position. See figure 4-24. 


A2. The speaker amplifier is a class B push-pull amplifier. 
. The speaker amplifier has a maximum power output of 3 watts. 


. When the SIDEBAND SELECTOR switch is in the LOWER position, 
the LSB audio input through T3 is connected to: 
a. the LSB line amplifier. Incorrect. The LSB line ampli- 
fier is only connected in the OFF and UPPER positions. 
b. the USB line amplifier. Incorrect. The USB line ampli- 
fier is connected to the USB audio input. 
c. terminating resistor R15. Correct. The microphone am- 
plifier is connected to the LSB line amplifier and the LSB 
audio input is terminated by R15. 


LESSON NO. 14 
SIGNAL COMPARATOR CM-126/UR 


Read NAVSHIPS 93285(B) paragraph 4-3g, pages 4-79 and 4-80, and 
answer the following questions. 


Q1. There are two methods of comparison in the signal comparator: 
a. comparing the 100 ke signal from the reference generator 


to 


b. comparing the 1 ke signal from the reference generator 
to 
Q2. Pins 3 and 4 of J4 are the 
input to the signal comparator. 
Q3. During frequency comparisons the difference, or beat, frequency 
is determined by: 
a. reading the deflection of meter M1. 
b. counting the oscillations of the meter M1 needle. 


c. measuring the ac voltage at J3 with a vtvm. 
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ANSWERS: 


Al. There are two methods of comparison in the signal comparator: 
a. comparing the 100 ke signal from the reference generator 
to an external 100 ke reference. 
b. comparing the 1 kc signal from the reference generator to 
a received 1 kc reference. 


A2. Pins 3 and 4 of J4 are the LSB audio (received 1 kc) input to the 
signal comparator. 


A838. You determine the beat frequency by: 

a. reading the deflection of meter M1. Incorrect. Mlisa 
de meter; displacement from zero is proportional to 
voltage, not frequency. 

. counting the oscillations of the meter M1 needle. Correct. 

The needle makes one cumplete oscillation for each cycle 
of the beat note (as long as the beat frequency is fairly low). 

c.measuring the ac voltage at J3 with avtvm. Incorrect. The 
signal at J3 is the ac beat frequency; its amplitude is not 
proportional to frequency. 


LESSON NO. 15 
CONTROL-POWER SUPPLY C-2691/URC 


Read NAVSHIPS 93285(B) paragraph 4-3h, pages 4-80 through 4-83 and 
answer the following questions. 
Ql. The control-power supply switching function selects either 
control or handset operation. 
Q2. The 12v power supply provides operating power for relay 
and the 


Q3. The test instrument used for functional testing of the control-power 


supply is a 
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ANSWERS: 


Al. The control-power supply switching function selects either 
remote control or local handset operation. 


A2. The 12v power supply provides power for relay K1 and the 
handset microphone. 


A3. The test instrument used for functional testing of the control-power 
supply is a vtvm. 
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LESSON NO. 16 
DYNAMIC HANDSET H-169/U 


Read NAVSHIPS 93285(B) paragraph 4-3i on page 4-83 and answer the 
following questions. 
Q1. If the handset amplifier is defective, it should be: 
a. repaired in the usual manner. 
b. repaired using sensitive meters. 
c. replaced. 
Q2. The voltage applied to the transistor amplifier is volts. 
Q3. The dynamic handset is superior to the Navy 51007A carbon 
handset in: 
a. output level. 
b. output impedance. 


c. audio quality. 


ANSWERS: 


Al. If the handset amplifier is defective, it should be: 

a. repaired in the usual manner. Incorrect. The transistor 
amplifier is a sealed plug-in module and cannot be repaired 
in the field. 

b. repaired using sensitive meters. Incorrect. The transis- 
tor amplifier is a sealed plug-in module and cannot be 
repaired in the field. 

c. replaced. Correct. The transistor amplifier is a sealed 
plug-in module which must be replaced if faulty. 


A2. The voltage applied to the transistor amplifier is 12 volts. 


A3. The dynamic handset is superior to the Navy 51007A carbon 
handset in: 
a. output level. Incorrect. The two handsets have about the 
same output level. 
b. output impedance. Incorrect. The two handsets have 
approximately the same output impedance. 
c. audio quality. Correct. The dynamic microphone has 
better quality characteristics than the carbon microphone. 
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LESSON NO. 17 
LOW VOLTAGE POWER SUPPLY PP-2154/U 


Read NAVSHIPS 93285(B) paragraph 4-3j on page 4-83 and answer the 
following questions. 
Q1. Match the type of rectification used in the low voltage power supply 
to obtain the following voltages: 
a. +250 volts 1. half-wave 
*  p, +130 volts 2. full-wave center-tap 
c. +28 volts 3. full-wave bridge 
d. -90 volts 
Q2. If a diode rectifier is suspected of being faulty, a vtvm might be 
used to measure the forward and reverse resistance. The forward 


resistance of a good diode should be approximately ohms and 


the reverse resistance, approximately 


ANSWERS: 


Al. Match type of rectification used in the low voltage power supply to 
obtain the following voltages: 
. +250 volts 3. full-wave bridge 
. +130 volts 2. full-wave center-tap 


. +28 volts 2. full-wave center-tap 
. -90 volts 1. half-wave 


A2. If a diode rectifier is suspected of being faulty, a vtvm might be 
used to measure the forward and reverse resistance. The forward 
resistance of a good diode should be approximately 5 ohms and the 
reverse resistance, approximately infinity. 
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LESSON NO. 18 


ELECTRONIC EQUIPMENT AIR COOLER HD-347/U AND 
PRIMARY POWER DISTRIBUTION 


Read NAVSHIPS 93285(B) paragraph 4-3k, page 4-83. Refer to figure 
5-89, Primary Power Distribution Schematic Diagram, page 5-65 to answer 
the following questions. 

Ql. Relay K1 in the high voltage power supply, PP-2153/U, receives 

115/230 vac from: 
a. the radio frequency amplifier. 
b. F2 at fuse block 1 (FB1) directly. 
c. the low voltage power supply. 
Q2. If the blower stops running because of a fault in the motor, the 
transceiver will: 
a. keep on operating normally. 
b. keep on operating, but get very hot. 
c. not operate. 
Q3. The blower motor receives ac operating voltage from the: 
a. fuse block 1 (FB1) directly. 
b. low voltage power supply, Pp-2154/U. 


c. high voltage power supply, PP-2153/U. 


ANSWERS: 


Al. Relay K1 in the high voltage power supply receives 115/230 vac 
from: 

a. the radio frequency amplifier. Correct. Relay K1 is ener- 
gized through S9 and time delay relay K1 in the radio fre- 
quency amplifier. 

. F2 at fuse block 1 (FB1) directly. Incorrect. Ac power is 
routed to the radio frequency amplifier before going to K1. 
The ac return is directly to FB1. 

. the low voltage power supply. Incorrect. Relay K1 is not 
connected in any way to the low voltage power supply. 


A2. If theblower stops running because of a fault in the motor, the 
transceiver will: 
a. keep on operating normally. Incorrect. S1 will open be- 
cause of a lack of air pressure and turn off the transceiver . 
b. keep on operating, but get very hot. Incorrect. S1 will 
open because of a lack of air pressure and turn off the 
transceiver. 
. not operate. Correct. The air stream from blower blows 
air cooler interlock switch S1 closed. If the blower stops, 
$1 will open and turn off the transceiver. 


A3. The blower motor receives ac operating voltage from the: 

a. fuse block 1 (FB1) directly. Incorrect. The blower motor 
is energized through ON-OFF switch S1 in the low voltage 
power supply. 

. low voltage power supply. Correct. The blower is turned 
on by the low voltage power supply ON-OFF switch. 

. high voltage power supply. Incorrect. The blower motor 
is energized through the ON-OFF switch in the low voltage 
power supply. 
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LESSON NO. 19 


HIGH VOLTAGE POWER SUPPLY PP-2153/U 


Read NAVSHIPS 93285(B) paragraph 4-31, pages 4-83 and 4-84, and 
answer the following questions. 


Ql. Rectification in the high voltage supply is: 


Q2. 


Q3. 


Q4. 


a. half-wave rectification. 
b. full-wave center-tap rectification. 


c. full-wave bridge rectification. 


Two outputs are supplied. They are 2000 volts at 


400 volts at ma. 


See figure 4-28, page 4-85 of NAVSHIPS 93285(B). 


volts output is obtained by summing __ and 
If F2 were to open, there would not be any: 

a. 400 or 2000 volts. 

b. 2000 volts. 


c. 400 volts. 
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ma and 


The 2000 


volts. 


ANSWERS: 


Al. Rectification in the high voltage supply is: 

a. half-wave rectification. Incorrect. Full-wave bridge 
rectification is used. 

b. full-wave center-tap rectification. Incorrect. Full~wave 
bridge rectification is used. 

. full-wave bridge rectification. Correct. Both the 400 and 

2000 volt supplies are wired for full-wave bridge 
rectification. 


. Two outputs are supplied. They are 2000 volts at 500 ma and 
400 volts at 80 ma. 


. 2000 volts output is obtained by summing 1600 and 400 volts. 


. If F2 were to open, there would not be any: 
a. 400 or 2000 volts. Incorrect. F2 is in the 400 volt 
supply only. 
b. 2000 volts. Incorrect. F2 is in the 400 volt supply. 
c. 400 volts. Correct. F2 is in the 400 volt supply. The 
fuse is in the 400v output; it will not affect the 2000v output 
if blown. 


NOTE: This completes Section B, Principles of Cyeration of the AN/ 
URC-32. Lessons 20 through 26 make up Section C, which 
covers use of the front panel controls and indicators of the 
AN/URC-32. 


2-46 


LESSON NO. 20 


RADIO FREQUENCY AMPLIFIER AM-2061/URC 
FRONT PANEL CONTROLS AND INDICATORS 


Use the radio frequency amplifier schematic diagram, figure 5-98, and 


table 3-1 (volume 2) of NAVSHIPS 93285(B) to match the circuit and trans- 
ceiver functions to the controls and indicators numbered in figure 2-2 of this 
text (page 2-61). 


In the blanks following "Q(no.)" below, you should write the letter that 


describes the circuit function and the number that describes the transceiver 
function of the switch. For example, the FIL OFF-TUNE-OPERATE switch 
is numbered Q3 in figure 2-2. In this example the circuit function is c and 
the transceiver function is 4. 


Ql. 
Q2. 
Q3. 
Q4. 
Q5. 
Q6. 
Q?. 
Q8. 
Qo. 


Circuit Function 


. Disconnects cathode of V4 


from PLATE CURRENT 
meter. 


. Disconnects cathode of V3 


from PLATE CURRENT 
meter. 


. Connects/disconnects 115 


vac from T1; places R16 
in +400v supply circuit. 


. Measures cathode current 


of V3 and/or V4. 


. Selects various plate 


capacitors. 


. Connected through voltage- 


dropping resistors to 
+2000 vdc high voltage. 


. Adjusts L4. 
. Adjusts L10. 
i. Disconnects pin 5 of K1 


from circuit. 
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Transceiver Function 


. Tests balance of power 


amplifier stages. 


. Tunes the driver am- 


plifier to frequency. 


. Tunes the final ampli- 


fier to frequency. 


. Turns radio frequency 


amplifier off or on; 
reduces power output. 


. Controls plate and 


screen voltage and 
keys transceiver. 


. Determines the oper- 


ating frequency band. 


. Indicates high voltage 


is present in radio 
frequency amplifier. 


. Indicates individual or 


total plate current of 
power amplifier tubes. 


PL NO. 1 TEST switch S2 disconnects the cathode of V3 
from the PLATE CURRENT meter to test balance of the 
power amplifier stages. 


PLATE CURRENT meter measures the cathode current 
of V3 and V4. 


FIL OFF-TUNE-OPERATE switch S1 connects or dis- 
connects 115 vac from T1; places R16 in the +400v supply 
circuit in the TUNE position. 


PL NO. 2 TEST switch $3 disconnects the cathode of V4 
from the PLATE CURRENT meter to test balance of 
power amplifier stages. 


The bandswitch (S4, S5, and S6) selects the proper 


plate capacitors to correspond to the desired band of 
frequencies. 


The PA TUNE knob adjusts L10 to tune the load for the 
power amplifiers to the frequency being used. 


The DRIVER TUNE knob adjusts L4 to tune the load for 
the driver amplifiers to the frequency being used. 


PLATE lamp DS1 is connected to +2000 vdc through a 
series of voltage-dropping resistors. DS1 lights when 
high voltage is applied to the radio frequency amplifier 
to indicate presence of high voltage. 


PLATE switch S9 disconnects pin 5 of relay Ki and also 
grounds the keyline in the KEY position. This switch con- 
trols the plate and screen voltages to the radio frequency 
amplifier through the HV interlock. 
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LESSON NO. 21 


CONVERTER-OSCILLATOR CV-731/URC 
FRONT PANEL CONTROLS AND INDICATORS 


Use the converter-oscillator servicing diagram, figure 4-11 in volume 
1 and table 3-1 in volume 2 of NAVSHIPS 93285(B) to match the circuit and 
transceiver functions with the indicators and controls numbered in figure 
2-3 of this text (page 2-63). 


Circuit Function Transceiver Function 
Ql. a. None 1. Disables smo feedback 
b. Tunes the coils in the smo. loop to prevent tuning 
Q2. c. Measures the current on an undesired fre- 
across the smo phase and quency. 
Q3. frequency discriminator. 2. Selects the desired 
d. Grounds pin 1 of J7 (smo) band of frequencies. 
Q4. and pin C of J4 (signal IF 3. Selects the desired 
amplifier). frequency. 
Q5. e. Selects various tuned cir- 4. Prevents shock and 
cuits in the RF tuner. vibration from chang- 
Q6. ing the frequency. 


5. Indicates the correc- 
tive current to the 
master oscillator. 

6. Light to identify fre- 
quency band selected. 


2-49 


AFC meter M1 measures the current across the phase 
and frequency discriminator in the smo to indicate the 
amount of corrective current being fed back to the master 
oscillator. 


The band indicating lights identify the band of frequencies 
selected by the operator. The lights have no circuit 
function. 


DIAL LOCK prevents shock or vibration from changing 
the frequency of the transceiver. The lock has no circuit 


function. 


The FREQUENCY CHANGE control selects a desired 
operating frequency by tuning the coils in the smo. 


The BAND CHANGE control selects the desired band of 
frequencies by selecting appropriate tuned circuit in the 
RF tuner. 


OPERATE TUNE switch S2 grounds pin 2 of J7 (smo) 
and pin C of J4 (signal IF amplifier) to disable the 
smo feedback loop and prevent the transceiver from 
being tuned to an undesired frequency. 
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LESSON NO. 22 


AMPLIFIER-CONVERTER-MODULATOR AM-2064/URC 


FRONT PANEL CONTROLS AND INDICATORS 


Use the amplifier-converter-modulator schematic, figure 5-112, 


servicing diagram, figure 4~21, and table 3-1 (volume 2) of NAVSHIPS 
93285(B) to match the indicators and controls called out in figure 2-4 of 
this text (page 2-65) with their circuit and transceiver functions. 


Ql. 
Q2. 
Q3. 
Q4. 
Q5. 
Q6. 
Q7. 


Circuit Functions 


. Connects M1 to various 
voltage sources. 
. Grounds pin L of S1 


(rear). 


. Switches the cathode cir- 
cuit of the meter amplifier. 
. Adjusts the tgce voltage. 

. Controls the signal level 


in the IF/AF amplifiers. 


. Measures voltages and 


frequency generator RF 
output. 


. Connects the IF/AF 


amplifiers to the USB 
and LSB audio input 
lines. 


Transceiver Functions 


. Controls RF gain of 


receive circuits. 


. Controls the RF power 


output of the amplifier- 
converter-modulator. 


. Provides an RF carrier 


for tuning or allows a 
remote RF gain con- 
trol and tgc meter to 
be used. 


. Selects one of two 


modes of operation. 


. Measures and displays 


value of functions 
selected by function 
switch. 


. Selects functions for 


display on meter. 


. Applies a portion of 


the transmit audio to 
the receive audio 
circuit. 


ANSWERS: 


Al. g SIDETONE switch S5 connects the IF/AF amplifier mod- 
ules to the USB and LSB transmit audio input lines for 
monitoring during receive. 


The SSB-AM switch is connected between S1 and ground 
and selects either SSB or AM as the mode of operation. 


Meter M1 measures and displays the value of the RF out- 
put of the frequency generator and of the various de volt- 
ages from the low voltage power supply. 


The meter function switch selects the function to be dis- 
played on meter M1. 


EXCITER RF GAIN control is connected to the tuner tgc 
circuit and controls the power output of the amplifier- 
converter-modulator. 


The TUNE-LOCAL-EXTERNAL CONTROL switch per- 
forms several functions, two of which are switching the 
meter amplifier cathodes and providing RF carrier rein- 
sertion for tuning. 


RECEIVER RF GAIN controls the gain of the IF/AF am- 
plifiers when the transceiver is receiving. 


LESSON NO. 23 


CONVERTER-MONITOR CV-730/URC 
FRONT PANEL CONTROLS AND INDICATORS 


Use the converter-monitor schematic diagram, figure 5-119, serv- 


icing diagram, figure 4-22, and.table 3-1 (volume 2) of NAVSHIPS 93285(B) 
to match the indicators and controls called out in figure 2-5 of this text(page 


2-67) with their circuit and transceiver functions. 


Ql. 
Q2. 
Q3. 
Q4. 
Q5. 
Q6. 
Q7. 
Qs. 
Q9. 


Circuit Functions 


. Measures selected signal 


levels. 


. Selects frequency and 


control circuit for af con- 
verter-monitor. 


. Controls amplitude of sig- 


nal applied to V2A. 


. Selects scaling resistors 


for M1. 


. Varies the frequency of 


oscillator Q1. 


. Selects input to M1. 
. Iluminates when keyline 


is grounded. 


. Iiluminates when OSC CON- 


TROL switch (S1) is in any 
position but OFF. 


i. Grounds keyline and/or 


relay amplifier grid bias 
circuit. 


Transceiver Functions 


© oc 


. Selects either CW or 
FSK as a mode of 
operation. 

. Indicates converter- 
monitor is on. 

. Indicates transceiver 
is transmitting. 

. Comnects selected audio 
signal to VU meter. 

. Selects 0 DBM or +8 
DBM meter range. 

. Controls bfo frequency 
on FSK receive opera- 
tion. 

. Keys the transceiver 
during test. 

. Displays audio level. 

. Adjusts audio output 
level. 


ANSWERS: 


Al. d 


METER MULTR switch selects scaling resistors for the 
VU METER to establish a 0 DBM or +8 DBM meter 
range, respectively. 


MONITOR switch S2 selects an audio input from the 
amplifier-control unit to be monitored on the VU meter. 


VU meter M1 measures and displays the audio level of 
the function selected by MONITOR switch 82. 


OSC CONTROL switch $1 turns on the converter-monitor 
unit and selects either CW or FSK as the mode of 
operation. 


OSC ON lamp DS82 is connected to the OSC CONTROL 
switch and is illuminated when the converter-monitor 
unit is turned on. 


XMIT lamp DS1 is connected between the keyline and +28 
vdce. When the keyline is grounded, the XMIT lamp lights 
to indicate that the transceiver is transmitting. 


OUTPUT potentiometer R19 controls the signal level of 
the grid of V2A to vary the audio output level from the 
converter-monitor unit. 


Bfo control C11 varies the frequency of oscillator Q1, 
which provides the "beat" signal during FSK receive 
operation. 


XMIT-REC-CW TEST switch S3 keys the transceiver 
during test by grounding the keyline and/or the grid of 
the relay amplifier. 


LESSON NO, 24 


AMPLIFIER-CONTROL AM-2062/URC 
FRONT PANEL CONTROLS AND INDICATORS 


Use the amplifier-control servicing diagram, figure 4-24, and table 3-1 
(volume 2) of NAVSHIPS 932 85(B) to match the indicators and controls 
called out in figure 2-6 of this text (page 2~69) with their circuit and 
transceiver functions. 


Circuit Functions Transceiver Functions 
Ql. a. Output jack, 1. Selects USB or LSB 
b. Varies amplitude of the output to speaker, 

Q2 signal applied to pin 2 disconnects telephone 

of S1A. line input, and con- 
Q3. c. Selects connections of nects MIC and 

the amplifier-control PHONES to the de- 

unit modules. sired audio channel. 


2. Controls the gain of 
the microphone input 
channel. 

3. Headphone output. 
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Al. b 2 
A2. ci 1 
A383. a 8 


MIC GAIN controls the gain of the microphone input chan- 
nel by varying the amplitude of the signal applied to pin 2 
of S1A. 


The SIDEBAND SELECTOR switch is a three-wafer switch 
which selects either the LSB or USB channel for the 
speaker amplifier, disconnects the telephone line input, 
and connects the MIC and PHONES jacks to the proper 
audio channel. 


PHONES jack J6 is connected to the speaker amplifier 
output, and is the connection point for a set of headphones. 
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LESSON NO. 25 


SIGNAL COMPARATOR CM-126/UR 
FRONT PANEL CONTROLS AND INDICATORS 


Use the signal comparator schematic diagram, figure 5-122, and table 


3-1 (volume 2) in NAVSHIPS 93285(B) to match the indicators and controls 
called out in figure 2-7 of this text (page 2-71) with their circuit and 
transceiver functions. 


Ql. 
Q2. 
Q3. 
Q4. 


Circuit Functions 


. Adjusts voltage across 


meter under no-signal- 
input conditions. 


- Controls amplitude of 


audio signal voltage ap- 
plied to V2. 


- Selects the signal to be 


fed to pin 7 of V2. 


. Indicates the relative 


voltage between the 
screen and plate of V2. 
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Transceiver Functions 


1. 


Adjusts the input sig- 
nal level to the 
mixer, 


. Balances M1 meter 


circuit. 


. Selects 1 ke or 100 ke 


signal to be compared. 


. Displays frequency 


difference between 
two signals. 


Al. b 
A2.da 
A3. ¢ 
A4. a 


GAIN potentiometer R2 adjusts the input signal to the 
control grid of the mixer, V2. 


The comparator meter, M1, indicates the frequency dif- 
ference between two signals by measuring the relative 
voltage between the screen and plate circuits of the 
mixer, V2. 


FREQUENCY SELECTOR switch S81 selects the desired 
reference signal, 1 ke or 100 ke, to be fed to the mixer 
for comparison to the audio signal. 


METER ZERO potentiometer R8 balances the zero-center 
meter, M1, to zero by varying the voltage applied to the 
meter under no-signal-input conditions. 


LESSON NO. 26 


POWER SUPPLY PP-2154/U, AND 
CONTROL-POWER SUPPLY C-2691/URC 
FRONT PANEL CONTROLS AND INDICATORS 


Refer to control-power supply and low voltage power supply schematic 
diagrams, figures 5-124 and 5-125, in NAVSHIPS 93285(B) to match the 
controls called out in figures 2-8 and 2-9 of this text(pages 2-73 and 2-75) 
with their transceiver functions. 


Transceiver Functions 


Ql. a. Applies primary power. 

Q2. b. Indicates power supply is on. 
Q3. c. Handset connector. 

Q4. d. Selects remote or local handset. 
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ANSWERS: 


The HANDSET jack is the connection for local handset. 


The HANDSET switch selects either the local handset or 
a remote unit. 


The OFF-ON switch applies primary power to the low 
voltage power supply. When the switch is in the ON posi- 
tion the indicator lamp will light. 


The low voltage power supply indicator lamp is illumi- 
nated when the unit is on. 


This completes Section C, Front Panel Controls and Indicators. Les- 
sons 27 through 30 make up Section D which discusses the symptoms pro- 
duced by failures in typical communications equipments. 
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Figure 2-2. Radio Frequency 
Amplifier AM-2061/URT Front View. 
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Figure 2-4. Amplifier-Converter- 
Modulator, AM-2064/URC Front View. 
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Figure 2-5. Converter- Monitor 
CV-730/URC Front View. 
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Figure 2-6. Amplifier-Control 
AM-2062/URC Front View. 
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Figure 2-7. Signal Comparator 
CM-126/UR Front View. 
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Figure 2-8. Control-Power Supply 
C-2691/URC Front View. 
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Figure 2-9. Low Voltage Power 
Supply PP-2154/U Front View. 


LESSON NO. 27 
TYPICAL TRANSMITTER MALFUNCTION SYMPTOMS 


A wide variety of transmitter failure symptoms are possible depending 
on the circuits involved and the mode of operation of the transmitter. A 
simple CW transmitter contains three functions: RF, control, and power 
supply. In simple transmitters, elaboration of the initial symptom (through 
manipulation of the front panel controls and observation of the front panel 
indicators) will usually define the fault to the specific circuit in which it 
occurred, such that you can skip steps 3,4, and 5 of the six-step trouble- 
shooting procedure. AM and CW transmitters, such as the TBM, are of 
this type. 

The TBM transmitter has grid and plate current meters for each RF 
stage plus meters to monitor high voltage, low voltage, bias voltage, and 
filament voltages. Once you become familiar with the TBM transmitter, 
isolating a faulty circuit becomes a matter of routine. As an example, you 
notice that a TBM's plate and grid current meters indicate zero milliamps. 
The motor generator lights are on with the exception of the bias and high 
voltage lights. You check the voltage meters: the filament voltage is normal, 
but there is no high voltage or bias voltage. If you are familiar with the 
TBM, you will know that the bias voltage is used as the excitation for the 
high voltage generator. If there is no bias voltage, there can be no high 
voltage, and the transmitter grid and plate current meters will indicate 
zero milliamps. A methodical study of the front panel indicators, as above, 
will tell you the trouble is most likely in the bias voltage generator. You 
went from step 2, symptom elaboration, to a knowledge of the faulty cir- 
cuit, and are ready to begin step 6, failure analysis. (Note that in some 
cases, depending on the complexity of the bias voltage generator, it may be 
necessary to perform step 5, localizing the faulty circuit.) 

Consider the simple transmitter in figure 2-10. I, indicates grid cur- 
rent, I, indicates plate current, and L-V and H-V are the low and high 


voltage meters, respectively. 
Column 1 below indicates the normal readings for these meters and 


column 2 indicates the actual readings (trouble indications) which now 
exist: 


Normal ilentions Actual fereaiea 

Ip(1) meter 50 ma 50 ma 
Ip(2) meter 10 ma 3 ma 
Ip(2) meter 100 ma 175 ma 
Ig(3) meter 60 ma 20 ma 
Ip(3) meter 300 ma 500 ma 
L-V meter 300v 300V 

H-V meter 800v 800v 

Filament voltage meter 12.6v 12. 6v 
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Figure 2-10. Typical Transmitter Functional Block Diagram. 


Manipulation of the frequency controls reveals that the intermediate 
and power amplifier cannot be tuned. Where is the trouble? First, you 
must recognize the trouble symptoms, step 1. The grid and plate currents 
to the intermediate and power amplifiers are abnormal. Second, you elab- 
orate on the symptom, step 2. The intermediate and power amplifiers can 
not be tuned, and the power supply voltages are normal. The power supply 
and RF oscillator are operating properly. The intermediate and power 
amplifier meter readings are abnormal. If the fault was in the power am- 
plifier, then the indications in the intermediate amplifier would be normal 
since the power amplifier follows the intermediate amplifier. Therefore, 
the fault must be in the intermediate amplifier circuit. In this transmitter 
each amplifier consists of a single stage; therefore, you have isolated the 
fault to a single circuit and now you can proceed with step 6, failure analy- 
sis, to locate the faulty component. Analysis of the failure symptoms has 
enabled you to "skip" steps 3, 4, and 5! 

In more complicated transmitters and transceivers, symptom elabora- 
tion may enable isolation of the functional unit, but only occasionally will the 
trouble be defined to a circuit group or smaller area. You will be able to 
skip steps 3 and 4, but you will have to isolate the faulty circuit (step 5) 
through detailed circuit tests (bracketing). For example, assume that the 
AN/URC-32 audio level meter indication is normal, but the radio frequency 
amplifier PLATE CURRENT meter indicates zero milliamps with modula- 
tion applied. The H-V ON lamp is illuminated and the indication of the RF 
EXCITER OUTPUT meter on the amplifier-converter-modulator is normal. 
If you check the functional block diagram for the AN/URC-32, Appendix D, 
you should be fairly certain the fault is in the radio frequency amplifier 
because the converter-oscillator is operating normally. 
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(Remember the meter in the amplifier-converter-modulator measures the 
output of the converter-oscillator in the RF EXCITER OUTPUT position. ) 
The next step is to isolate the faulty circuit with the proper test equipment, 
step 5. 


Summary 

Symptom elaboration of transmitter malfunctions using the meters and 
controls on the transmitter can usually help you identify the faulty functions, 
and often the faulty circuit or circuit group. Because most transmitters 
consist of only two or three functional units, steps 3 and 4 in the six-step 
troubleshooting procedure are usually unnecessary. Remember that the 
external symptoms associated with a malfunction will, when properly 
analyzed, provide much valuable information to help you locate the fault. 
QUESTIONS: 


Using the transmitter block diagram, figure 2-10 of this text, and the 


normal readings in column 1 on page 2-77, isolate the faulty circuit in the 
following three problems: 


Ql. The following meter readings are observed. 
Ip(1) = 50 ma 
Ig(2) = 10 ma 
Ip(2) = 100 ma 
Ip(3) = 40 ma 


Ip(3) = 0 ma 
L-V = 300v 
H-V = Ov 


Filament voltage = 12. 6v 
The faulty circuit is 


Q2. The following meter readings are observed. None of the stages 
can be tuned. 


Ip(1) = 70 ma 


Ip(2) = $3ma 
I)(2) = 175 ma 
Ig(3) = 20 ma 
Ip(3) = 500 ma 
L-V_ = 300v 
H-V = 800v 


Filament voltage = 12.6v 


The faulty circuit is : 


Q3. The following readings are observed. None of the stages can be 


tuned. 
Ip(1) = Oma 
Ip(2) = 0 ma 
Ip(2) = Oma 
Ig(3) = Oma 
Ip(3) = 0 ma 
L-V_ = 300v 
H-V = 800v 


Filament voltage = Ov 


The faulty circuit is 


Using the AN/URC-32 functional block diagram in Appendix D and 
the information given in NAVSHIPS 93285(B), isolate the faulty functional 
unit in each of the following problems. (Normal indications for the AN/ 
URC-32 are given in Appendix E of this text.) 


@4. In the CW transmit mode the following indications are observed 
with the transmitter keyed: 


Indicator Indication 


(antenna coupler control unit) 


WATTMETER........+++205. 0 watts 
(radio frequency amplifier) 
PLATE CURRENT meter........ 0 ma 
PLATE ON lamp ............. off 
(converter-oscillator) 
AFC meter... .. 02. +3 ua(= midscale) 
(amplifier-converter-modulator) 
meter position: -90.........-.+: 40 db (midscale) 
#UB0 6 vn ee ie 40 db 
HQ O itn ga ade fe oe Ha Soe 40 db 
AGC-TGC ....... 40 db 


RF OUT EXCITER. 20 db 


(converter-monitor) 


XMIT lamp......-..-55522005 on 
(high voltage power supply) 

H=V- ON: soe cared eed cea aks Soy. Bee eee off 

fuse Fl ccc vce os aes ihe abs GB Ee OK 
(low voltage power supply) 

power indicator lamp .......... on 

FUSE: FY ee bow Me Be Sees aa Roe OK 


The probable faulty functional unit is the 
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Q5. The following indications are observed in the CW transmit mode 
with the transmitter keyed. Varying the frequency does not affect 
the indications. 

Indicator Indication 


(antenna coupler control unit) 


WADTIME TER ve ae 6 eg eg BOER 500 watts 
(radio frequency amplifier) 
PLATE CURRENT meter ....... 550 ma 
PLATE ON lamp ............. on 
(converter-oscillator) 
APC meter). 6.0 e046 84 dma ne +95 ua 
(amplifier-converter-modulator) 
meter position: -90............ midscale 
go | ea a cee 400 db 
PO Oe oe ged ace aes 40 db 
AGC= TGC ee tag 0 db 


RF OUT EXCITER . 20 db 


(converter-monitor) 


MMIT WaMp oe ee be Bae es on 
(high voltage power supply) 

BLEW AON: Wrsei ddr and deus hte: oe dpayaed on 

PSC: PN hice Bay a. ee Cede te ate esd OK 
(low voltage power supply) 

power indicator lamp .........., on 

DUB Do Rcd US, aed i atl on te Oats OK 


The probable faulty functional unit is the 
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ANSWERS: 


Al. The faulty circuit is the high voltage power supply. Note that the 
abnormal indications are the grid and plate current of the power 
amplifier and the high voltage meter reading. The low voltage 
reading is normal. The abnormal grid and plate currents must 


be the result of no high voltage. 


A2. The faulty circuit is the RF oscillator. In this problem all the in- 
dications are abnormal with the exception of the low voltage, high 
voltage, and filament voltage meters. Since the oscillator is the 
first abnormal indication in the signal flow line, you should sus- 
pect it as being the faulty circuit. 


A8. The faulty circuit is the filament supply. There can be no plate or 
grid current without filament voltage. 


A4. The probable faulty functional unit is the high voltage power supply. 
The only abnormal indications are the WATTMETER reading, 
PLATE CURRENT reading, and the PLATE ON and H-V ON lamps. 
Power output depends on plate current in the radio frequency am- 
plifier, which in turn depends on the high voltage supply. The 
PLATE ON and H-V ON lamps indicate the high voltage supply out- 
put is not present. 


A5. The probable faulty functional unit is the converter-oscillator. 
This is a sneaky one — all of the indications are nearly correct 
except the AFC meter; even the power output is about right. The 
AFC meter indication should be approximately 0 microamperes, or 

midscale, if the smo is working correctly. In this problem, ex- 

cessive frequency correction signal (AFC) is present, indicating 
the stabilization loop in the converter-oscillator is malfunctioning. 


LESSON NO. 28 
TYPICAL RECEIVER MALFUNCTION SYMPTOMS 


Communications receivers do not vary significantly in their basic de- 
sign. A receiver is usually considered to have only two functions, the re- 
ceive function and the power supply function. The symptoms associated with 
specific faults in these functions are generally similar in all receivers. 

Troubleshooting modern receivers is a little more difficult than trouble- 
shooting transmitters, primarily because receivers include fewer metering 
circuits. Receivers are physically smali, however, which partially com- 
pensates for the lack of meters — you can work on most receivers at a work 
bench, where your tools and test equipments are handy. 

Power supply troubles are the easiest to recognize and isolate to the 
power supply function: if the receiver includes a power supply metering cir- 
cuit, symptom elaboration will quickly eliminate either the receive function 
or the power supply function, such that step 2, symptom elaboration, allows 
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you to skip steps 3 and 4; if no power supply metering circuits are included, 
detail tests during step 4, localizing the faulty function, will quickly isolate 
the fault to either the power supply or the receive function. Two specific 
failure symptoms which are readily identified as power supply troubles are 
(a) hum in the audio signal (poor filtering in the B+ or bias supply) and 

(b) an acrid or pungent smell coming from the receiver which is a sign that 
the dry rectifiers in the power supply are failing. This smell is usually ac- 
companied by no reception or a crackling and popping sound in the receiver. 
Sometimes a quick check of the power supply function can be made by 
switching the STANDBY-OPERATE (B+) switch on and off. If a "pop" is 
heard in the receiver loudspeaker or headset, you can usually assume there 
is plate voltage. Note that if a "pop" sound is heard there is probably Bt, 
but if one is not heard, don't assume that there isn't any B+. There are 
many reasons a "pop" might not be heard — for example, a faulty audio 
amplifier or no filament voltage. 

Figure 2-11 of this text is a block diagram of the receive function of a 
typical receiver. Some receivers may have two or even three local oscil- 
lators, depending on the frequency and mode of operation for which they 
were designed. Receivers designed for SSB and CW operation are usually 
more selective than receivers designed for AM or FM operation. Modern 
communications receivers are usually designed for more than one mode of 
operation. For example, most CW receivers are capable of receiving AM 
and SSB signals. 

Recognition of failure symptoms within the receive function may be 
very difficult if the failure results in degraded performance rather than 
complete failure to receive, Degraded performance may occur over a long 
period of time and at a rate so slow that you may never realize anything is 
wrong. Therefore, good preventive maintenance is very important. Sensi- 
tivity and distortion checks should be made periodically to ensure that the 
receiver is functioning properly. If performance of any circuit is degraded, 
the receiver sensitivity will be reduced. Degraded performance within the 
detector or audio circuits will usually result in distortion of the audio sig- 
nal. Symptom recognition of more serious failures is, of course, much 
easier: inability of the receiver to tune in signals, no audio output, and lack 
of such signals as the beat note during CW receptions, are easily recognized. 

Certain malfunctioning circuits, such as the bfo, noise limiters, and 
ave circuits, can be isolated during symptom elaboration. On most receivers 
these circuits can be switched in and out of the receive function; in addition, 
the ave signal is usually monitored by a signal strength meter. Some com- 
munications receivers have additional monitoring circuits (for example, an 
output vu meter and afc meter), but as a general rule the receive function 
will include only the ave (signal strength) meter. 

The following paragraphs present two examples of troubleshooting in a 
typical receiver. The receive function is shown in figure 2-11 of this text. 
Assume that the power supply function does not include a metering circuit, 
and that a POWER ON lamp is provided which indicates when prime power 
has been applied to the set. 
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Figure 2-11. Typical Receiver Functional Block Diagram. 


Troubleshooting Example No. 1 


The receiver has no audio output at the headset. The signal strength 
meter shows normal deflection as the receiver is tuned across the band, and 
that the POWER ON lamp is lighted. Step 1, symptom recognition, is fairly 
obvious — there is no receiver output. In step 2, symptom elaboration, you 
note that the signal strength meter seems to be working normally and that 
there is power to the set. Step 3 is automatic — the unit has only the two 
functions, receive and power supply. Step 4 in this problem can be accom- 
plished by reasoning: the signal strength meter indications are normal; this 
meter cannot receive a signal if either the Bt or filament power is bad; 
therefore, the power supply is operating normally. (Note that POWER ON 
lamp does not indicate B+ voltage. This lamp is generally connected across 
the ac power input or the filament voltage output, and there is no assurance 
that there is any B+ voltage when this lamp is on.) You first use your test 
equipment in step 5, localizing the faulty circuit. You should use the brack- 
eting technique, with one bracket at the audio output and the other just after 
the ave circuit. (Remember the original symptom was no output, and the 
ave meter indication was normal.) Now you will use the bench test equip- 
ment to isolate the faulty circuit, then perform step 6, failure analysis, to 
isolate and replace the faulty part(s). 


Troubleshooting Example No. 2 


You are performing a routine sensitivity check on a receiver. You find 
the sensitivity is below normal for a given input signal level. The below 
normal reading is obtained in all positions of the BAND SWITCH and with 
the AVC switch in both the ON and OFF positions. Step 1: the symptom is 
degraded performance — poor sensitivity. Step 2: the symptom occurs in 
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all positions of the BAND SWITCH and in both positions of the AVC switch. 
Step 3: the fault could be in either the power supply or the receive circuits. 
Step 4: you check the power supply voltages to localize the faulty function; 
the B+ and filament voltages are normal, so the fault is in the receive func- 
tion. Step 5: you place brackets at the antenna input and audio output. You 
can eliminate only the avc circuits (the indications did not change when this 
circuit was switched in and out of the receiver). You cannot eliminate the 
local oscillator although you know the band change circuits are not at fault. 
You then proceed to make measurements to isolate the defective circuit, 
then perform step 6 to repair the fault. 

The AN/URC-32 is somewhat more than a typical receiver, The AN/ 
URC-382 is a transceiver — it utilizes a common "local oscillator" (the smo) 
and power supply in both receive and transmit. The power supply is metered, 
such that isolation of a fault to the receive function can always be accom- 
plished during symptom elaboration. Because of this, and the fact that the 

receive function is physically located in four different cabinets (converter- 
oscillator, amplifier-converter-modulator, amplifier-control, and signal 
comparator), the AN/URC-32 receive function is considered to include four 
functional units. During steps 2,3, and 4 of the six-step troubleshooting 
procedure you will be concerned with isolating the fault to one of these four 
"functional units," rather than to the power supply or receive function. 


Summary 


Receivers are generally more difficult to troubleshoot than transmitters 
because receivers are not metered as well as transmitters. The number of 
steps used in the six-step troubleshooting procedure will depend on the fault 
and its symptoms. All six steps will be required for some malfunctions 
while in others, steps 3 and 4 may be omitted. Preventive maintenance is 
important because degraded performance may occur at a slow rate, and the 
operator may not realize that he is using a faulty receiver. 
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QUESTIONS: 


Refer to figure 2-11 of this text to answer the following questions. 

Ql. A radio operator reports that his receiver doesn't work on CW, 
but that he can hear AM stations. You check out the receiver, and 
find his report is accurate and complete. What is most likely at 
fault? 

a. Power supply function. 

b. Receive function. 

c. Audio amplifier (in receive function) 

d. Bfo (in receive function) 

e, Not enough information has been given to determine the 
faulty function. 

Q2. You are checking a receiver with no output in either AM or CW. 
You find that there is no indication on the signal strength meter, 
the AVC and BFO switches have no effect, there is no "pop" sound 
when the STANDBY-OPERATE (B+) switch is operated, and the 
POWER ON lamp is illuminated. What is most likely at fault? 

a. Power supply function. 

b. Receive function 

c. Not enough information has been given to isolate the faulty 
function. 

Q3. Refer to the symptoms of problem Q2, above. You notice that when 
you turn the audio volume control you hear a scratching noise in 
the headset. The fault is probably in the: 

a. Power supply function. 
b. Receive function. 
c. Not enough information has been given to determine the 


faulty function. 


Q4. An inoperative receiver (no output) is being tested on the work- 
bench. You apply a signal at the IF amplifier input (point b in the 
block diagram, figure 2-11) and an output is obtained. You have 
isolated the fault to either the radio frequency amplifier, mixer, 
or local oscillator. What step in the six-step troubleshooting pro- 
cedure are you performing? Step __, 

Q5. You are checking an inoperative receiver (no output). In perform- 


ing step 2 of the six-step procedure you check the following items: 


Signal strength meter ......... no indications 
POWER ON lamp............ illuminated 
AVC andBFO.............. have no effect 


STANDBY-OPERATE (B+) switch . a "popping" sound is 
heard when switch is 
operated. 

Which function is faulty ? 
Q6. You are troubleshooting an inoperative receiver. In performing 


step 5 you apply signals at the following points in the block dia- 


gram (figure 2-11) and observe the results listed: 


Input Results 
pointa.......... no output 
pointb.......... no output 
pointc.......... no output 
pointd.......... output 


What is the faulty circuit? 
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ANSWERS: 


Al. A radio operator reports that his receiver doesn't work on CW, 
but he can hear AM stations. You decide the fault is in the: 

a. Power supply function. Incorrect. If the power supply 
were at fault, there would be some indication of the fault 
when listening to AM stations. 

b. Receive function. Nearly correct, but you can isolate the 
fault to one of the receiver circuits with a little thought. 
What circuit is used in CW that is not used in AM? 

c. Audio amplifier. Incorrect. There is audio when listening 
to AM stations; therefore, it is most unlikely that the audic 
is at fault. 

d. Bfo. Excellent. The receiver works normally on AM, but 
not on CW. You conclude that the fault is in the bfo, since 
this is the only circuit which is not used in both modes. 

e. Not enough information has been given to isolate the faulty 
function. Incorrect. The fact that the receiver works nor- 
mally on AM and not on CW should indicate the fault is not 
in the power supply. If you compare the CW and AM cir- 
cuits, you should be able to isolate the fault to the bfo 
circuit. 


A2. You are checking a receiver with no output in either AM or CW. 
You find that there is no indication on the signal strength meter, 
the AVC and BFO switches have no effect, there is no "pop" sound 
in the loudspeaker when the STANDBY-OPERATE (B+) switch is 
operated, and the POWER ON lamp is illuminated. What is most 
likely at fault? 

a. Power supply. Incorrect. The POWER ON lamp and the 
lack of a "popping" do not necessarily indicate that the 
power supply is at fault. (Refer to the text for an explana- 
tion of these symptoms.) You don't have enough informatio 
to eliminate either the power supply or receive functions. 

b. Receive function. Incorrect. A lack of an output signal 
could be caused by a lack of plate voltage. You need more 
information. 

c. Not enough information has been given to isolate the faulty 
function. Correct. You do not have enough information to 
be certain that either the power supply or the receive func: 
tion is operating normally. You must perform step 4, 
localizing the faulty function. 
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A3. Refer to the symptoms of problem Q2. You notice that when turn- 
ing the audio volume control you hear a scratching noise in the 
headset. The fault is probably in the: 

a. Power supply. Incorrect. The scratching sound is pro- 
duced by amplifying noise generated in the volume control. 
This requires both B+ and filament voltage. 

b. Receive function. Correct. The power supply has been 
eliminated. The scratching noise indicates there is B+ and 
filament voltage. 

cc. Not enough information has been given to determine the 
faulty function. Incorrect. The scratching sound is pro- 
duced by amplifying noise generated in the volume control. 
This requires both B+ and filament voltage. 


A4. An inoperative receiver (no output) is being tested on the work- 
bench. You apply a signal at the IF amplifier input (point b in the 
block diagram) and an output is obtained. You have isolated the 
fault to either the radio frequency amplifier, mixer, or local os- 

cillator. You are performing step 5, localizing the faulty circuit, 

of the six-step troubleshooting procedure. 


A5.*You conclude that the receive function is faulty. The "popping" in- 
dicates there is B+ to the receiver, eliminating the power supply. 


A6. The detector is the faulty circuit. You obtained an output with a 
signal at the audio amplifier input, point d, but not at any other 
point. If the detector were normal, you would get an output with 

an input at point c. 


LESSON NO. 29 
TYPICAL CONTROL CIRCUIT MALFUNCTION SYMPTOMS 


The control circuits in a transmitter or transceiver consist of circuits 
which control power and select transmit-receive functions and mode of 
operation. Transmit-receive functions include transmitter keying, antenna 
change-over, and various circuit changes from the transmit function to the 
receive functions such as take place in the AN/URC-32 frequency generator. 
Mode selection includes circuit changes between SSB, CW, FSK, AM, etc. 
Power control includes the circuits which turn the equipment on and off, 
the safety interlock circuits, and power output reduction circuits for tuning. 

Control circuit symptoms cannot be explained in general terms be- 
cause the control circuits will vary somewhat depending on the equipment 
design. The control circuits can be considered a function in most cases; 
when a malfunction occurs in the control circuits, you can isolate the con- 
trol circuits as the fadiity function in step 4 of the six-step troubleshooting 
procedure and then isolate the faulty circuit within the control circuitry, 
step 5. In most cases step 2 will give you a good idea if the fault is in the 
control circuit. For example, the antenna fails to switch over from the 
transmitter to the receiver. The fault can only be in the power supply or 


the antenna control circuit. If the fault is not in the power supply function 

it must be in the antenna change-over circuit. (In some units the antenna 
change-over circuit isa simple relay circuit; in others it may be quite com- 
plex. Radar and some special purpose transmitting sets, for example, use 
electronic switching (T-R tubes) and require other special circuits for an- 
tenna change-over.) 


QUESTIONS: 


Refer to figures 5-89 and 5-90 in NAVSHIPS 93285(B), pages 5-65 and 
5-67, to answer the following questions. These questions list symptoms of 
failures within the control circuits of the AN/URC-32. Perform steps 5 or 
6 of the six-step troubleshooting procedure to determine the faulty circuit 


or component. 


Ql. The transceiver runs at reduced power output. Rotating FIL OFF- 
TUNE-OPERATE switch S1 on the radio frequency amplifier to 
the TUNE and OPERATE positions has no effect on the output. The 
faulty circuit or component is the: 

a. TUNE-OPERATE interlock, 

b. K3 in the radio frequency amplifier. 
c. K2 in the radio frequency amplifier. 
d. R16 in the radio frequency amplifier. 

Q2. The OSC CONTROL switch on the converter-monitor is in the CW 
1 position. The XMIT lamp does not light and the transceiver can- 
not be keyed from either the remote location or by using the CW 
TEST switch on the converter-monitor unit. The transmitter can 
be keyed when the OSC CONTROL switch is in the FSK position. 
The faulty circuit or component would be the: 

a. remote keyline. 
b. relay amplifier V2A in the converter-monitor. 
c. K1 in the amplifier-converter-modulator. 


d. REMOTE-LOCAL switch in the handset adapter. 
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Q3. (Use figure 5-89, Primary Power Distribution, to answer this 
question.) Placing the OFF-ON switch on the power supply PP- 
2154/U to the ON position does not turn on the power supply. You 
also notice the blower is not operating. There are five possible 


causes for this trouble; list at least three of them. 


@4. The radio frequency amplifier PLATE ON lamp is lighted and re- 
lay K2 in the radio frequency amplifier energizes when the trans- 
ceiver is keyed. However, there is no RF output from the radio 
frequency amplifier when the transceiver is keyed, and the PLATE 
CURRENT meter reads 150 ma. Assume the fault has been iso- 
lated to the radio frequency amplifier. The control circuit most 


likely at fault is the 
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ANSWERS: 


Al. 


A2. 


A3. 


A4. 


The transceiver runs at reduced power output. Rotating FIL OFF- 
TUNE-OPERATE switch S1 on the radio frequency amplifier to the 
TUNE and OPERATE positions has no effect on the output. The 
faulty circuit or component is the: 

a. TUNE-OPERATE interlock. Correct. If this interlock is 
open, the transceiver will run at reduced power irrespec- 
tive of the FIL OF F~TUNE-OPERATE switch position. 

b. K3 in the radio frequency amplifier. Incorrect. If K3 were 
at fault, there would be no power output. 

c. K2 in the radio frequency amplifier. Incorrect. If K2 were 
at fault, there would be no power output. 

d. R16 in the radio frequency amplifier. Incorrect. If R16 
were at fault, there would probably be no output in the 
TUNE position and full output in the OPERATE position. 


The OSC CONTROL switch on the converter-monitor is in the CW 
1 position. The XMIT lamp does not light and the transceiver can- 
not be keyed from either the remote location or the CW TEST 
switch on the converter-monitor unit. The transmitter can be 
keyed when the OSC CONTROL switch is in the FSK position. The 
faulty circuit or component would be the: 

a. remote keyline. Incorrect. The fact that + :nsceivers 
cannot be keyed locally removes the possiliiity of the re- 
mote keyline being at fault. 

b. relay amplifier V2A in the converter-monitor. Correct. 
The fact that the transceiver cannot be keyed locally with 
CW TEST switch but can be keyed in FSK, which does not 
use the relay circuit, indicates the fault is in the relay 
amplifier. 

c. K1 in the amplifier-converter-modulator. Incorrect. If 
K1 were faulty, the XMIT lamp would still light. 

d. REMOTE-LOCAL switch in the handset adapter. Incorrect. 
The CW TEST switch bypasses the REMOTE-LOCAL 
switch. 


Placing the OF F-ON switch on the power supply PP-2145/U to the 
ON position does not turn on the power supply. You also notice the 
blower is not operating. The five possible troubles are: Fuse F1, 
Fuse F2, the blower interlock circuit, the blower, low voltage 


power supply switch S1. 


The radio frequency amplifier PLATE ON lamp is illuminated and 
relay K2 energizes when the transceiver is keyed. However, there 
is no RF output from the amplifier when the transceiver is keyed, 
and the PLATE CURRENT meter reads 150 ma. The fault has been 
isolated to the radio frequency amplifier. The control circuit most 
likely at fault is the XMTR interlock. The low plate current indi- 
cation shows that the power amplifier hasn't any drive power. Since 
the trouble is in the radio frequency amplifier, the XMTR inter- 
lock (which removes the high negative bias voltage from the radio 
frequency driver stage) must be defective. 
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LESSON NO. 30 
TYPICAL SYMPTOMS OF POWER SUPPLY MALFUNCTIONS 


The power supply in a communications equipment is almost always 
considered a functional unit. The power supply provides all of the operating 
voltages for the equipment. Often the power supply is physically located in 
several different areas, other times in a single cabinet or chassis. The 
power supply function may include circuits which supply ac and/or de fila- 
ment voltages, B+ plate voltage(s), and negative bias (C-) voltage(s). 

De power supply circuits may be of many types, but in small communi- 
cations equipments will generally fall into one of three types: half-wave 
(figure 2-12); full-wave center-tap (figure 2-13); and full-wave bridge 
(figure 2-14). The half-wave supply is used to supply low-current, constant 
load circuits, such as the bias supply for the power amplifier stage(s) of a 
transmitter. The full-wave bridge and full-wave center-tap supplies are 
used with heavier, higher-voltage loads such as the B+ for an entire trans- 
mitter or receiver. 


Fl TW CRY RI R2 
e + VDC 


LINE 
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Figure 2-12. Half-Wave Power Supply. 
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Figure 2-14, Full-Wave Bridge Power Supply. 
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The ability of a power supply circuit to maintain a constant output under 
changes in load is called regulation, and is primarily related to the type of 
filter used with the supply and, in some cases, the type of regulator cir- 
cuit at the output. Filter circuits range from a simple capacitor, to 7-type 
resistance-capacitance or inductance-capacitance circuits, to L-type, 
choke input circuits. Regulator circuits have a wide range of design fea- 
tures but fall, in general, into two classes: shunt regulation and series 
regulation. A power supply "circuit" includes the rectifier, a filter, and 
(if necessary for the supply's design purpose) a regulator. 

There are many symptoms that can be attributed to the power supply 
circuits. When these symptoms occur, the power supply should always be 
considered as a possible faulty function. A few of these symptoms are: hum 
in the audio output of a receiver, caused by poor filtering at the power sup- 
ply output; a 'motor-boating" sound, caused by loss or degradation of the 
B+ decoupling networks between amplifier stages; overall degradation of 
performance of a transceiver, caused by reduced output from a B+ or bias 
supply; complete failure of an equipment, caused by loss of one of the power 
supply voltages; frequency shift in oscillator circuits, caused by poor volt- 
age regulation of either the input line voltage or the power supply output; and 
many others. Some of these can only be caused by power supply faults, 
others could be due to a failure in the power supply or in one of the other 
functional units in the equipment. 

Power supply circuits are fused to protect the power supply from ex- 
ternal failures (shorts). A blown fuse may result from a f.ilure in the 
power supply circuit (such as a shorted filter capacitor), ut will more 
often reflect a temporary overload or a failure in the circuits energized 
from the supply. If a blown fuse is replaced and immediately blows again, 
it is almost certain there is a failure in the equipment. You should isolate 
and correct such failures before replacing the fuse a second time. 

Assume the line fuse in a transmitter has blown. You replace the fuse, 
and it blows again. You know the fault is either in the power supply or in 
the circuit it supplies; the probable faulty functions are the power supply 
and the transmitter (or, more specifically, the transmitter load). 

Since the line fuse blows each time you energize the equipment, there 
is no easy way to isolate the faulty function. You may need to try one or 
more of the following procedures: 

(1) Disconnect the power supply and measure the power supply in- 
ternal resistance to determine if there is a short or an unusu- 
ally low resistance. 

Measure the dc load resistance in the transmitter with the 
power supply disconnected. Remember the continual fuse blow- 
ing indicates excessive current flow, which is usually caused 
by a short in the circuit. However, the short circuit may not 
appear as a direct short (zero ohms) if there is a series drop- 
ping resistor. 

With the power supply circuit disconnected from its load, in- 
sert a good fuse in the power supply and turn it on again. This 
time if the fuse blows, the fault is obviously in the power supply. 
If it doesn't blow, start looking in the transmitter for the fault. 
Some components may break down only when high voltage is 
applied; this latter method is the simplest way to isolate the 
faulty function in this event. 


(2 


— 


(3 


— 
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The method of (1) above, is probably the most useful technique. Refer 
to figure 2-13. Two resistance measurements at point b (across the bleeder 
resistor, with the load disconnected) can tell you a lot about the power 
supply circuit. Assume you measure 20K ohms, then reverse the leads 
and measure 300 ohms. The power supply is probably alright! The first 
measurement reflects only the impedance of the bleeder resistor, Rb — if 
either of the capacitors or the diodes were shorted, you would probably 
read a fairly low resistance. The diodes are reverse biased by the ohm- 
meter voltage, and have a very high reverse resistance. The second meas- 
urement reflects the resistance of resistor R1, the forward resistance of 
the diodes, and the parallel resistance of the transformer secondary 
windings. 

Suppose you measured 100 ohms in the reverse direction and 65 ohms 
in the forward direction. What would you suspect? Very likely capacitor C2 
is leaky. If capacitor Cl were leaky, your measurement would reflect the 
series resistance of Rl. 


Troubleshooting Example Problem 


The performance of a typical communication receiver is noticeably de- 
graded. Signals are barely heard. 

The first step of the six-step troubleshooting procedure is fairly ob- 
vious: degraded performance as indicated by weak signals. To perform 
step 2, you change bands and adjust the various receiver controls, but 
neither the signals or the noise level will increase. Step 3. What are your 
probable faulty functions? You only have two to choose from and step 2 did 
not eliminate either of the functions. Therefore, your list must include the 
receive and power supply functions. 

In this problem, the receiver uses a 300v, full-wave rectifier similar to 
figure 2-13. To isolate the faulty function, step 4, you measure the voltage 
of the power supply and find that the B+ is only 225 volts. What function con- 
tains the fault? Obviously something is wrong in the power supply. 

Step 5 of the six-step troubleshooting procedure can be skipped in this 
problem; you know the fault is in the B+ supply circuit. 


2-95 


You perform step 6 by making the following resistance and voltage 
measurements (resistance measurements are made with the power supply 
disconnected from the receiver; voltage measurements are made with a 
load): 


Test Point Resistance Voltage 
point b to ground 20000 ohms (forward) 225V 
300 ohms (reverse) 
point a to ground 21k ohms (forward) 220V 


200 ohms (reverse) 


top of T1 secondary 


to ground 100 ohms 300 vac 
bottom of T1 

secondary to ground infinite ohms 0 vac 
Tl primary 110 vac 


What component is at fault? Would the failure of that component cause 
the voltage of the power supply to be lowered? Generally the resistances 
are normal until you get to the secondary of Tl. Here you should notice 
that the voltage across the secondary and resistances of the secondary are 
abnormal. You should conclude that the lower half of the secondary of T1 
is open and the power supply is working as a half-wave power supply. The 
amount of voltage drop will depend on the power supply load. 


Summary 


The power supply is a functional unit and is always used with some other 
function such as receive, transmit, etc. Power supply circuits used in com- 
munications equipment are generally one of the three basic types, half-wave, 
full-wave, and full-wave bridge. 

A blown fuse in a power supply circuit may result from a temporary 
overload, but if the fuse is replaced and it blows agains, there is probably 
more serious trouble. Power supply circuits which use solid state rectifiers 
can be checked out fairly well using only a vom; vacuum or mercury-vapor 
type rectifier circuits require a tube tester as well as a vom for thorough 
checkout. 
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QUESTIONS: 

Q1. Audible hum in a receiver may be caused by several faults, in- 
cluding poor shielding, poor ground connections, and 

in the power supply. 

Q2. Figure 2-13 is a +100 volt power supply circuit. No voltage is 
measured at point b, but 130 volts is measured at point a. The 
probable fault is component 

Q3. A voltmeter indicates that a +300 volt bridge rectifier circuit 
(figure 2-14) is only supplying +180 volts. The possible trouble 
could be: 

‘a. shorted filter capacitor. 

b. power transformer secondary winding open. 
c. open rectifier. 

d. open filter choke. 

Q4. The line fuse in the full-wave bridge circuit of figure 2-14 keeps 

blowing. Which of the components listed could be at fault? 
a. Open power transformer winding 
b. Open rectifier 
c. Shorted filter capacitor 


d. Open filter choke. 
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ANSWERS: 


Ai. Audible hum in a receiver may be caused by several faults, in- 
cluding poor shielding, poor ground connections, and poor filter- 
ing in the power supply. 


. Figure 2-13 is a +100 volt power supply circuit. No voltage is 
measured at point b, but +130 volts is measured at point a. The 
probable fault is the resistor Rl. The resistor must be open. 
The voltage at point a is high because there is no load current. 


. Avoltmeter indicates that a +300 volt bridge rectifier circuit 
(figure 2-14) is only supplying +180 volts. The possible trouble 
could be: 

a. shorted filter capacitor. Incorrect. If the filter capacitor 
were shorted, there would not be any voltage at the output. 

b. power transformer secondary winding open. Incorrect. If 
the transformer secondary was open, there would not be 
any voltage at the output. 

. open rectifier. Correct. If one of the rectifiers were 
open, there would still be a reduced output voltage. The 
circuit would operate as a half-wave rectifier. 

. open filter choke. Incorrect. There would be no output 
voltage if the filter choke were open. 


A4. The line fuse in the full-wave bridge circuit of figure 2-14 keeps 
blowing. Which of the components listed could be at fault? 

a. Open power transformer winding. Incorrect. A fuse will 
blow when the current exceeds its rated capacity. An open 
winding in the transformer would not cause excessive cur- 
rent to flow. 

. Open rectifier. Incorrect. A fuse will blow when the cur- 
rent exceeds its rated capacity. An open rectifier in the 
power supply would not cause excessive current to flow. 

. Shorted filter capacitor. Correct. A shorted filter capac ~ 
itor would cause excessive current to flow, thus blowing 
the primary fuse. 

. Open filter choke. Incorrect. A fuse will blow when the 
current exceeds its rated capacity. An open filter choke 
would not cause excessive current to flow. 
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CHAPTER II REVIEW QUESTIONS 


Note: See appendix A for correct answers. 
Study figure 4-1, page 4-2 of the instruction book before attempt- 
ing to answer the following questions. 


Choose the best answers. 


Ql. 


Q2. 


Qs. 


Q4. 


Q5. 


Q6. 


Q7. 


The AN/URC-32 is a: 
a. transmitter. 
b. receiver. 
c. transmitter-receiver. 
d. transceiver. 


The AN/URC-32 principal mode of operation is: 
a. AM. 
b. SSB. 
c. FSK. 
d. CW. 


The AN/URC-32 operating frequency range is: 
a. 3 to 40 mc. 
b. 2 to 30 mc. 
c. 3 to 30 mc. 
d. 2 to 40 mc. 


The unit which determines the specific operating frequency of the 
AN/URC-32 is the: 

. converter-oscillator. 

. amplifier~converter-modulator. 

. Signal comparator. 

. radio frequency amplifier. 


a0wrnp 


The unit which allows a continuous frequency check with an ex- 
ternal frequency standard is: 

. converter-oscillator. 

. amplifier-converter-modulator. 

. signal comparator. 

. radio frequency amplifier. 


a20oT7rp 


The unit which determines whether USB or LSB will be used is 
the: 

. converter-monitor. 

. converter-oscillator. 

. amplifier-converter-modulator. 

. amplifier-control. 


Qaeo7n 


The unit which contains the WATTMETER is the: 
. radio frequency amplifier. 

. antenna coupler control unit. 

. converter-oscillator. 

. signal comparator. 


aAown 
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Q8. The smo (stabilized master oscillator) is located in the: 
. converter-oscillator. 

. amplifier-converter-modulator. 

. Signal comparator. 

. radio frequency amplifier. 


aorpn 


Q9. The balanced modulators are located in the: 
a. converter-oscillator. 
b. signal comparator. 
c. amplifier-converter-modulator. 
d. converter-monitor. 


Q10. +400 vde is supplied to the AN/URC-32 from the: 
a. high voltage power supply. 
b. low voltage power supply. 
c. converter-oscillator. 
d. amplifier-converter-modulator. 


Qll. The PLATE ON lamp is located in the: 
. radio frequency amplifier. 

. high voltage power supply. 

. amplifier-control. 

. converter-monitor. 


ao0Trn 


Q12. The XMIT lamp is located in the: 
a. radio frequency amplifier. 
b. high voltage power supply. 
c. amplifier-control. 
d. converter-monitor. 


Q13. The audio level meter is located in the: 
a. amplifier-converter-modulator. 
b. amplifier-control. 
c. Signal comparator. 
d. converter-monitor. 


Q14. The FIL OF F-TUNE-OPERATE switch is located in the: 
a. radio frequency amplifier. 
b. converter-oscillator. 
ce. amplifier-control 
d. converter-monitor. 


Q1i5. The primary power fuses are located in the: 
a. junction box. 
b. low voltage power supply. 
c. high voltage power supply. 
d. radio frequency amplifier. 
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Q16. 


Q17. 


Q1g. 


Q19. 


Q20. 


Q21. 


Q22. 


If the blower is not operating, the blower interlock (which is 
actuated by air pressure) disconnects the: 

a. 2000v. 

b. 250v. 

c. line voltage. 

d. 28v. 


When the radio frequency amplifier is being tuned, RF power out- 
put is reduced by lowering the: 

a. driver plate and power amplifier screen voltage. 

b. driver screen and power amplifier screen voltage. 

c. driver plate and power amplifier plate voltage. 

d. driver amplifier plate and screen voltages. 


The output of the balanced-modulators drive the: 
a. age module. 
b. tgc module. 
c. converter-oscillator. 
d. radio frequency amplifier. 


The signal comparator, when used for making off-the-air fre- 


quency checks, receives the audio. 


Boop 
Q 
< 


In the receive function, the antenna input is connected to the: 
a. radio frequency amplifier. 
b. converter-oscillator. 
c. amplifier-converter-modulator. 
d. signal comparator. 


The audio amplifier in the dynamic handset receives its power 
from the: 

. high voltage power supply. 

. low voltage power supply. 

. control-power supply. 

. internal power supply. 


ao7rp 


The bfo oscillator in the converter-monitor is used in the 


mode of operation. 


no op 
Q 
z 
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Q23. 


Q24. 


Q25. 


Q26. 


Q27. 


Q28. 


Q29. 


The smo is tuned by method(s) . 
a. mechanical 
b. electrical 
c. mechanical and electrical 
d. It is not tuned. 


The low voltage and high voltage power supply rectifiers are: 
. high vacuum. 

. mercury vapor. 

. cold cathode (vacuum). 

. solid state. 


jormemoms.) 


The best indication of low power output in the transmit function 
can be obtained from the: 

. PLATE CURRENT meter. 

. WATTMETER. 

c. SIGNAL COMPARATOR meter. 

d. AUDIO LEVEL meter. 


ao 2 


Transmitters are usually easier to troubleshoot than receivers 

because: 

. transmitters are metered better. 

. transmitters are usually larger. 

. receivers employ too many feedback loops. 

. itis harder to recognize malfunction symptoms ina 
receiver. 


a°c7rn 


The POWER ON lamp in a receiver usually indicates the presence 
of: 

a. B+ voltage. 

b. filament or line voltage. 

c. bias voltage. 


Control circuits in transmitters: 
a. are all alike. 
b. vary from one transmitter design to another. 
c. employ only relays. 
d. are always very simple. 


Poor voltage regulation in an AM transmitter power supply can 
cause: 

a. hum on the carrier. 

b. frequency drift. 

c. arcing in the transmitter. 
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CHAPTER Ill 


APPLICATION OF THE SIX-STEP TROUBLESHOOTING PROCEDURE 


Chapters III and IV each contain three troubleshooting problems on the 
AN/URC-32 which you are expected to solve by applying the six-step trou- 
bleshooting procedure. In this chapter you will be aided in applying the six 
steps to the problems. The three problems in chapter IV you will be ex- 
pected to solve "on your own." 

Before you start working the troubleshooting problems, let's review 
the terms "functions" and "functional units." A function is usually consid- 
ered to be the performance of a major electronic task or operation such as 
receiving, transmitting, supplying power. A functional unit is the piece of 
equipment which contains the function. Functional units are normally the 
power supply, receiver, transmitter, etc. However, in troubleshooting the 
AN/URC-32, the application of the six-step troubleshooting procedure be- 
comes easier if each cabinet is considered as a functional unit (that is, the 
AN/URC-32 functional units are the radio frequency amplifier, converter- 
oscillator, amplifier-converter-modulator, etc). In step 4, localizing the 
fauity function, you will be localizing the faulty cabinet, which we have 
defined as a "functional unit." 


NOTE: Be certain to mark your answers or record them ona 
separate sheet of paper so that you can later evaluate 
your performance using the criterion test, appendix B. 
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TROUBLESHOOTING PROBLEM NO. 1 


Problem Statement 


A radioman reports that he is unable to transmit with an AN/URC-32. 
Upon checking the transceiver you obtain the following indications in the 
CW transmit mode: 


NOTE: The normal readings for the transmit modes are given in 
appendix E of this text. 


Indicator Indication 
WATTMETER zero watts 
PLATE ON lamp off 
PLATE CURRENT meter zero ma 
AFC meter midscale 
OSC ON lamp on 
XMIT lamp on 


Amplifier-converter-modulator 
meter in the RF OUT EXCITER 
position 15 db 


Step 1 of Troubleshooting Problem No. 1 


The first step of the six-step troubleshooting procedure is symptom 
recognition. Before you can find a fault, you must be able to recognize the 
symptoms of the fault. Only by recognizing the symptoms of the fault can it 
be determined that equipment is operating improperly. 

Which of the statements below best describes the operation of the 
transceiver as shown above? (Q1) 

a. A fault in the transmit function is indicated. 

b. The transceiver has no RF output as indicated by the WATT- 
METER and the PLATE CURRENT meter. 

c. The possible faulty function could be in the radio frequency 
amplifier, low voltage power supply, or the converter- 
oscillator. 

d. The transceiver is operating normally. 
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ANSWERS: 


The statement you chose which best describes operation of the trans- 
ceiver is: 

a. A fault in the transmit function is indicated. Not necessarily. 
The transceiver is in the transmit mode, but the fault could 
easily be in the power supply or the control function. Don't get 
ahead of yourself. You are trying to perform step 4, localizing 
the faulty function. Before you can identify the faulty function, 
you must be able to recognize the symptoms of the fault. What 
are these symptoms? What indications tell you something is 
wrong ? 

b. The transceiver has no RF output as indicated by the WATT- 
METER and the PLATE CURRENT meter. Correct. These are 
the indications which tell you that there is something wrong with 
the transceiver. As yet you have no idea as to what the fault 
might be or even the faulty functional unit. 

c. The possible faulty function could be in the radio frequency 
amplifier, low voltage power supply, or the converter- 
oscillator. Incorrect. You are trying to perform step 3, list- 
ing the possible faulty functions. Don't rush; you will even- 
tually get there, but right now you should be concerned with 
recognizing the symptoms of the fault. Before you get to step 3 
there will be other information available from step 2, symptom 
elaboration, which will help you in listing the possible faulty 
functions. 

d. The transceiver is operating normally. Incorrect. There are 
four indications that a failure has occurred. Compare the indi- 

cations with the normal readings given on sheet 1 of appendix E. 
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Step 2 of Troubleshooting Problem No. 1 


You have recognized the symptoms of the fault, now you should elabo- 
rate on these symptoms, step 2 of the six-step troubleshooting procedure. 

You probably noticed that the PLATE ON lamp was not illuminated. 
This is a very big clue — think about it a minute. What does this fact (that 
the PLATE ON lamp is not illuminated) tell you? (Q2) 
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ANSWER: 


The fact that the PLATE ON lamp is not illuminated tells you there is 
is no high voltage (+2000v) present at the radio frequency amplifier. 
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The absence of plate current supports this conclusion. 
As a normal precaution you would check that the high voltage power 
supply HV ON lamp is lighted and that the fuse (F1) is not blown. Assuming 


these are normal, what would you do next? (Q3) 
a. Operate the equipment in receive mode to elaborate on the 
symptom. 


b. List the probable faulty functions. 
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ANSWERS: 


Your next step is to: 
a. Operate the equipment in receive mode to elaborate on the 
symptom. Incorrect. You know all you need to know to list 


the faulty function: (1) there is no RF output, (2) the PLATE 
ON lamp is out, and (3) the HV ON lamp is on. 

. List the probable faulty functions. Correct. You have learned 
all you can from the front panel indications and are ready for 
the next logical step. 


Step 3 of Troubleshooting Problem No. 1 


The next step is to list the possible faulty functions. Remember to list 

all possible faulty functions. Your list should include: (Q4) 
a. high voltage power supply and low voltage power supply. 
b. high voltage power supply and radio frequency amplifier. 
c. low voltage power supply and radio frequency amplifier. 


ANSWERS: 


Your list of probable faulty functions is: 

a. high voltage power supply and low voltage power supply. In- 
correct. The fault may be in the high voltage power supply, 
but it could not be in the low voltage power supply because the 
low voltage power supply is not connected to the radio fre- 
quency amplifier which displays the malfunction symptoms. 

b. high voltage power supply and radio frequency amplifier. Cor- 
rect. The fault could be in either of these units; you must list 
both, even though one of the units is more probable than the 
other. 

c. low voltage power supply and radio frequency amplifier. In- 
correct. The fault may be in the radio frequency amplifier but 
it could not be in the low voltage power supply because the low 
voltage power supply is not connected to the radio frequency 

amplifier which displays the malfunction symptoms. 


Step 4 of Troubleshooting Problem No. 1 


In step 4, localizing the faulty function, you should start with the most 
probable and easiest-to-test function. In this problem the most probable 
and easiest-to-test function is the (Q5) 


ANSWER: 


The most probable and easiest-to-test function is the high voltage 
power supply. The high voltage power supply is most likely at fault be- 


cause the PLATE ON lamp did not light and the other indications are the 
indications you would expect if there is no high voltage. The high voltage 


power supply is also the easiest-to-test since a single test (which can be 
made with a vom) will check it out. 


Refer to figure 4-28, Power Supply PP-2153/U Servicing Block Dia- 
gram, page 4-85 of NAVSHIPS 93285(B). What would you check in the high 
voltage power supply before making any other checks 2 (QB) 


ANSWER: 


You should check fuse F2 before making any other checks. 


You check fuse F2 — it is OK. Next you must make one or more 
tests to determine whether the high voltage power supply or the radio 
frequency amplifier is defective. The high voltage power supply may 
be checked by measuring the voltage at connector Jl. 


WARNING 


The +2000 vde at J1 is lethal — it can kill you 
if you are careless. The proper procedure to 
measure this voltage is as follows: 


1. Deenergize the power supply. 

2. Open the cover and use the capacitor short- 
ing bar to discharge all capacitors. 

3. Remove the HV OUT cable from J1 and 
attach the multimeter leads to chassis 
ground and the center conductor of J1. 

4. Set the multimeter to its 5000 vde range, 
Place the meter where you can read the 
voltage indication without touching the 
meter. 

9. Close the cover, energize the power sup- 
ply, and read the meter indication. 

6. Repeat steps 1 and 2, disconnect the 
meter, and reconnect the HV OUT cable. 


You measure the voltage at J1 and obtain a reading of zero. The faulty 
function is: (Q7) 
a. the high voltage power supply. 
b. the radio frequency amplifier. 


ANSWERS: 


The faulty function is: 
a. the high voltage power supply. Correct. There is no output 


voltage, therefore the supply must be defective. 

b. the radio frequency amplifier. Incorrect. If the 2000 volt 
output had been normal you would know this unit was defec- 
tive. There was no output at J1! 


Which statement most accurately describes the fault? (Q8) 
a. The fault is in the +2000 volt section of the power supply. 
b. The fault is in the +400 volt section of the power supply. 
c. The fault could be in either section. 


ANSWERS: 


The statement which most accurately describes the fault is: 

a. The fault is in the +2000 volt section of the power supply. Pos- 
sibly. You may be lucky and find the fault in the high voltage 
power supply. However, notice in figure 4-28 that the power 
supply contains two sections, the 2000v and 400v sections. The 
2000v section is in series with the 400v section. The possibility 
exists that if the 400v supply is faulty, there would not be any 
voltage at J1. 

b. The fault is in the +400v section of the power supply. Possibly. 
However, the 400v section of the power supply has not been 
checked to see if it is faulty, so you don't know for sure. 

c. The fault could be in either section. Correct. Figure 4-28 

shows the two sections in series. It is possible that a fault in 
the 400v section could cause the observed symptoms. 
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Step 5 of Troubleshooting Problem No. 1 


In the high voltage power supply there are two power supply sections, 
the 400v and 2000v circuits. Step 5, localizing the faulty circuit, is the next 
step you must perform. What should you do next? (Q9) 

a. Measure the voltage at pin 6 of TB1. 
b. Measure the voltage at pin 9 of TB1. 
c. Start checking components. 


ANSWERS: 


Your next action is to: 
a. Measure the voltage at pin 6 of TB1. Right! If you do this you 
will have isolated the faulty circuit and will have a better idea 
where to start looking for the faulty component. 


. Measure the voltage at pin.9 of TB1. Incorrect. You know 
115 vac is present — HV ON indicator DS1 is lighted. 

. Start checking components. Incorrect. You can save some 
time if you check the 400v supply and isolate the faulty circuit. 
By doing this you will reduce the number of components you 
would have to check by about half. 
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Measuring the voltage between pin 6 and ground you obtain a 400v read- 
ing on your meter. The faulty circuit is the: (Q10) 
a. 2000v circuit. 
b. 400v circuit. 
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ANSWERS: 


The faulty circuit is the: 
a. 2000v circuit. Correct. If 400v is present but the 2000v is 


not, then the 2000v circuit is faulty. 
b. 400v circuit. Incorrect. You just measured 400v at the out- 
put terminal so how could it be at fault? 
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Step 6 of Troubleshooting Problem No. 1 


To perform step 6, failure analysis of the six-step troubleshooting 
procedure refer to figure 5-123, power supply schematic, page 5-126 in 
NAVSHIPS 93285(B). 

What should you do next? (Q11) 

a. Remove and test individual components. 
b. Make in-circuit resistance measurements. 
c. Replace the power transformer (T1). 
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ANSWERS: 


What should you do next? 
a. Remove and test individual components. Poor choice. You will 
eventually find the trouble, but it may take you two weeks. 
Also, you may damage good parts during removal. There is 
a better way. 


. Make in-circuit resistance measurements. Good. You are 
about to locate the faulty component. It is much easier to make 
resistance measurements than to arbitrarily remove, test, and 
replace components until you find the fault. 

c. Replace the power transformer (T1). Incorrect. Replacing T1 
would be a lot of work for nothing. Locate the faulty component 
systematically and save your time and energy. 
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Using a vom similar to the AN/PSM-4, you obtain the following resist- 
ance measurements at the indicated points. 


Test Points Resistance 
Junction L1-R2 to ground 
positive lead of meter at R2 54K ohms 
negative lead of meter at R2 54K ohms 


Junction of rectifiers and Ll 
to ground 


positive lead of meter at L1 infinity 
negative lead of meter at L1 150 ohms 


T1 between pins 7 and 8 45 ohms 


The fault is most likely: (Q12) 
. Clor C2. 


CAT ® 
in 
_ 


ANSWERS: 


From the data given the fault is most likely: 

. Clor C2. Incorrect. If either unit was shorted the resistance 
from the L1-R2 junction would be almost zero ohms. 

. CR13-44, Incorrect. There are no indications that the recti- 
fiers are faulty; in fact, there are strong indications the recti- 
fiers are normal. 

. Lil. Correct. Between R2 and ground you measured only the 
bleeder resistance. Ordinarily the resistance of L1 plus the 
resistance of the rectifiers (250 ohms) should have been meas- 
ured with the negative lead of the vom at R2. 

. R2-R4. Incorrect. The L1-R2 to ground resistance was 54K 
ohms, which is the total resistance of R2 + R3 + R4. 

. Tl. Incorrect. T1 shows continuity in both the primary and 
secondary windings, which indicates that the transformer is 
alright. The primary resistance is low because winding 1-2 
is in parallel with winding 3-4. 


The last part of step 6 is to analyze the circuit to substantiate that the 
faulty component is the only component that is causing the trouble. In this 
problem L1 must have been a substandard item since none of the fuses were 
blown. Otherwise the excess current required to burn L1 out would have 
blown one of the fuses. 

This completes troubleshooting problem no. 1. 
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TROUBLESHOOTING PROBLEM NO. 2 


Problem Statement 


You are given a radioman's report that he was unable to make CW 
transmissions with an AN/URC-32. Upon checking the transceiver, you 
obtain the following indications when the XMIT-CW TEST switch is 
depressed to CW TEST: 


Indicator Indication 
WATTMETER zero watts 
PLATE ON lamp on 
PLATE CURRENT 0 ma 


Amplifier-converter-modulator 
meter in the RF OUT EXCITER 


position 0 db 
OSC ON lamp on 
XMIT lamp off 


Step 1 of Troubleshooting Problem No. 2 


Step 1 of the six-step troubleshooting procedure is symptom recog- 
nition. You note immediately that RF power is not being transmitted. Which 
of the statements below lists all of the abnormal indications ? (Q1) 

a. The WATTMETER, PLATE CURRENT meter, and amplifier- 
converter-modulator meter readings are abnormal and the 
XMIT lamp should be on. 

b. The WATTMETER, PLATE CURRENT meter, and amplifier- 
converter-modulator meter readings are abnormal. 

c. The WATTMETER and PLATE CURRENT meter readings are 
abnormal and the XMIT lamp should be on. 
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ANSWERS: 


The only complete list is: 

a. The WATTMETER, PLATE CURRENT meter, and amplifier- 
converter-modulator meter readings are abnormal and the 
XMIT lamp should be on. Correct. All of these are abnormal, 
indicating that the transceiver is not transmitting. 

. The WATTMETER, PLATE CURRENT meter, and amplifier- 
converter-modulator meter readings are abnormal. Incomplete. 
You are missing a very important indication, one which will 
give you a good clue as to the location of the fault. 

. The WATTMETER and PLATE CURRENT meter readings are 
abnormal and the XMIT lamp should be on. Incorrect. You 
have picked out most of the important indications but have over- 
looked one which will give you a good clue as to the location of 
the fault. 
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What is your next step? (Q2) 
a. Elaborate on the symptoms. 
b. List the probable faulty functions - 
c. Localize the faulty functions. 


ANSWERS: 


Your next step is: 

a. Elaborate on the symptoms. Correct. Find out as much infor- 

mation about the trouble as possible. Only when you are sure 
that you have enough information or that no other information 
can be obtained do you start listing the probable faulty functions. 

b. List the probable faulty functions. Possibly, but are you confi- 

dent you have all the information you need? It would be worth- 
while to spend a few more minutes to get additional information 
on the symptoms. 

c. Localize the faulty functions. Incorrect. The trouble could be 
in any one of several units. Even though you may have a good 
idea of the faulty function, get in the habit of going through all 
of the six steps in the troubleshooting procedure. If you form 
this habit, you are on your way to being a good technician. 


Step 2 of Troubleshooting Problem No. 2 


To elaborate on the malfunctions symptoms, you place the transceiver 
in the tune mode by placing the TUNE-LOCAL-EXTERNAL switch on the 
amplifier-converter-modulator in the TUNE position. This action discon- 
nects the audio and reinserts the 300 ke carrier. The OSC CONTROL 
switch on the converter-monitor is placed in the OFF position. Now you key 
the transceiver by positioning the XMIT-CW TEST switch on the converter- 
monitor to the XMIT position and obtain the following: 


Indicator Indication 
WATTMETER 125 watts 
PLATE ON lamp on 
PLATE CURRENT 300 ma 


Amplifier-converter-modulator 
meter in the RF OUT EXCITER 


position 10 db 

OSC ON lamp off 

XMIT lamp on 

The above indicate transceiver operation in the tune mode is: (Q3) 
a. normal. 


b. marginal. 
c. abnormal. 
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ANSWERS: 


The tune-mode indications are: 
. normal. 


Correct. All of the indications agree with the normal 
readings listed on sheet 2 of appendix E. 


. marginal. Incorrect. See sheet 2 of appendix E. 
. abnormal. Incorrect. See sheet 2 of appendix E. 
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Step 3 of Troubleshooting Problem No. 2 


You should now be able to list the probable faulty functions, step 4. 
Before listing the faulty functional units remember that the transceiver 
could not be keyed in the CW mode of operation. The transceiver could be 
keyed and all indications were normal in the tune mode with the carrier 
reinserted and the OSC CONTROL switch in the OFF position. 

Your list of probable faulty functional units should include: (Q4) 

a. amplifier-converter-modulator, converter-oscillator, and 
converter-monitor. 

b. amplifier-converter-modulator and converter-oscillator. 

c. converter-monitor. 


ANSWERS: 


Your list of possible faulty functional units should include: 

a. amplifier-converter-modulator, converter-oscillator, converter- 
monitor. Incorrect. The amplifier-converter-modulator and 
converter-oscillator are apparently working properly. The 
indications obtained in the tune mode are all normal. 

. amplifier-converter-modulator and converter-oscillator. 


Incorrect. The amplifier-converter-modulator and converter- 
oscillator are apparently working properly. The indications 
obtained in the tune mode are all normal. 

. converter-monitor. Correct. The converter-monitor is the 
only probable faulty unit. The transceiver could not be keyed in 
the CW mode of operation, but could be keyed when the trans- 
ceiver was in the tune mode. 
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Steps 4 and 5 of Troubleshooting Problem No. 2 


Step 4 of the six-step troubleshooting procedure can be skipped in this 
problem; you identified the faulty function as the converter-monitor in 
step 3. 

Next you must localize the trouble to the faulty circuit, step 5. Remem- 
ber that one of the original symptoms was that the XMIT lamp did not light. 
Refer to figure 5-119, Converter-Monitor Schematic Diagram, page 5-122 
in NAVSHIPS 93285(B). 


Where is the XMIT lamp connected? (Q5) 


ANSWER: 


The XMIT lamp is connected between the keyline and +28 vdc. 


Remember the XMIT lamp came on in the tune mode, when the keyline 
was grounded in the XMIT position of the XMIT-CW TEST switch, but not 
in the CW mode, where the CW TEST position is used. If you analyze the 
difference between these circuits you should be able to identify the faulty 
circuit, without even using a test equipment. 


The faulty circuit is the: (Q6) 
a. relay amplifier. 
b. output amplifier. 
c. buffer amplifier. 
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ANSWERS: 


The faulty circuit is the: 

a. relay amplifier. Correct. The relay amplifier circuit controls 
relay K1 and the XMIT lamp in the CW mode. Since the trans- 
ceiver can be keyed in the tune mode but not in the CW mode, 
the fault must be in this circuit. 


. output amplifier. Incorrect. The output amplifier circuit con- 
trols the audio tone. Failure of this circuit cannot cause the 
particular symptoms you observed. 

c. buffer amplifier. Incorrect. The buffer amplifier circuit am- 
plifies the tone for CW and FSK operations; it is controlled by 
the keyline. Failure of this circuit could not cause the symp- 
toms you observed. 


Step 6 of Troubleshooting Problem No. 2 


Step 6, failure analysis, of the six-step troubleshooting procedure 
consists of isolating the faulty component and analyzing the faulty circuit to 
be sure you located the component that is actually causing the trouble. 

The first step would probably be to check V2. You do this and find V2 
is normal. You're going to have to dig into the circuit. 


Which of the following test equipments would you use? (Q7) 
a. An oscilloscope. 


b. A signal generator. 
c. A vom. 


3-39 


ANSWERS: 


The test equipment you will use is: 

a. An oscilloscope. Incorrect. The relay amplifier is a switching 
circuit which has two states, off and on. Use of an oscilloscope 
would prove to be awkward; there are no waveforms as such, 
only voltage levels associated within the two states of the circuit. 

. A signal generator. Incorrect. The relay amplifier is a switch- 


ing circuit with two states, off and on — either V2B is conducting 
or it isn't. A signal generator would not "key" the circuit, and 
would thus provide no useful information. 

. Avom. Correct. The relay amplifier is a switching circuit; 
it has only two states, off and on. Each state has an associated 
"set" of voltage levels. The voltmeter is best for measuring 
de voltages. 
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The voltage and resistance measurements at each pin of V2 are shown 
below. Refer to figure 5-119, page 5-122, and isolate the defective part. 


Pin No. 


< 
. 


CaN oahwnd-e 


Voltage 


+125v 
Ov 
+4y 

6 vac 

6 vac 

0 vac 

-20v (key up) 

Ov 
Ov 


The faulty component is: 


a. Kl. 
b. R18. 
c. R21. 
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Resistance 


75K ohms 
25K ohms 
820 ohms 
10 ohms 
10 ohms 
infinity 
150K ohms 
15 ohms 
0 ohms 


(Q8) 


ANSWERS: 


The faulty component is: 
a. Kl. Correct. The plate of V2A (pin 1) has 125 volts, indicating 
that the +130 volt supply is present at the top of relay K1. How- 
ever, pin 6, the plate of V2B, has no plate voltage. Relay K1 


must be open. 

. R18. Incorrect. Both the resistance and voltage at pin 7 of 
V2B are normal. 

. R21. Incorrect. R21 is the 15 ohm cathode resistor connected 
to pin 8 of V2. Even though there is no cathode voltage the re- 
sistance checks show 15 ohms indicating R21 is good. 


The last part of step 6 is to substantiate whether the fault is the actual 
cause of the problem. The only component failure which could possibly 
cause relay K1 to open would be a shorted tube, V2B. But since V2 was a 
good tube, relay K1 must have been a substandard product. 


Take a break, then try troubleshooting problem number 3. 
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TROUBLESHOOTING PROBLEM NO. 3 


Problem Statement 


You are given a radioman's report that an AN/URC-32 is inoperative in 
transmit. Upon setting the transceiver up in the CW mode you observe the 
following: 


Indicator Indication 
WATTMETER zero watts 
PLATE ON lamp on 
PLATE CURRENT 150 ma 
AFC meter midscale 
OSC ON lamp on 
XMIT lamp on 


Amplifier-converter-modulator 
meter in the RF OUT EXCITER 
position 0 db 


Audio Level (vu) meter 0 vu 


Step 1 of Troubleshooting Problem No. 3 


Step 1 of the six-step troubleshooting procedure is symptom recogni- 
tion. Which of the lists below includes all of the indicators which tell you 
something is wrong? (Q1) 

a. WATTMETER, PLATE CURRENT meter, and AFC meter. 

b. WATTMETER, amplifier-converter-modulator meter, and 
audio level meter: 

c. WATTMETER, PLATE CURRENT meter, and amplifier- 
converter-modulator meter. 
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ANSWERS: 


The only complete list is: 

a. WATTMETER, PLATE CURRENT meter, and AFC meter. 
Incorrect. The WATTMETER and PLATE CURRENT meter 
readings are incorrect, but the AFC meter indication is normal 
(see sheet 1 of appendix E). 

. WATTMETER, amplifier-converter-modulator meter, and 
audio level meter. Incorrect. The WATTMETER indicates no 
power output and the amplifier-converter-modulator meter 
reading is low, but the audio level meter reading is normal and 
there is another important indication which should be observed. 

. WATTMETER, PLATE CURRENT meter, and amplifier- 
converter-modulator meter. Correct. All three of these 
meters reflect symptoms of the malfunction. The plate current 
reading (150 ma) is the amount of plate current that would be 
expected if there was no drive to the radio frequency amplifier . 
The lack of RF drive is also indicated by the amplifier- 
converter-modulator meter. 
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The next step in the troubleshooting procedure is (Q2) 


a 
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ANSWER: 


The next step in the troubleshooting procedure is symptom elaboration. 


3746 


Step 2 of Troubleshooting Problem No. 3 


To further check out the transceiver you make the following checks: 


1. The radio frequency amplifier tuning control is adjusted with no 
effect on the meter indications. 

2. The BAND switch is turned and the AFC meter is observed. It 
is noticed that the meter varies slightly from band to band. 

3. The XMIT lamp lights when the transceiver is keyed. 

4. The transmitter is placed in the AM transmit mode. The PLATE 
CURRENT meter still indicates 150 ma, and the WATTMETER 
‘remains at zero. Also it is noted that the audio level (VU) meter 
fluctuates normally with modulation in USB XMIT. 

5. The meter on the amplifier-converter-modulator is switched 
through its various positions with the following results: 


Switch Position Reading 
AGC-TGC zero (transceiver keyed) 
-90V 40 db 
130v 40 db 
250V 40 db 


6. In the receive function, stations are heard in all modes. 


QUESTIONS: 


Ql. 
Q2. 


Q3. 


The smo (is) (is not) working properly. (Q3) 


+28 vde (is) (is not) being supplied from the low voltage power 
supply. (Q4) 


The malfunction (could) (could not) be in a functional unit used 
only during receive. (Q5) 
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ANSWERS: 


Al. The smo is working properly. First, reception is impossible if 
the smo is defective; second, the AFC meter varied as the fre- 


quency band was changed. 


. +28 vde is being supplied. The XMIT lamp lighted when the trans- 


ceiver was keyed; one side of this light goes to +28 vdc, the other 
side to ground via the keyline. 


_ The malfunction could not be in a functional unit used only during 
receive. First, reception was normal; second, if the malfunction 
affected only the receive function, you should be able to transmit 
normally. 
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Step 3 of Troubleshooting Problem No. 3 


Step 3 is listing the probable faulty functions. Remember that the 
functional units in the AN/URC-32 were defined as the individual cabinets. 
Your list of probable faulty functional units includes: (Q6) 
a. amplifier-control and amplifier-converter- modulator 
b. amplifier-converter-modulator and converter-oscillator 
ce. converter-oscillator and radio frequency amplifier 
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ANSWERS: 


Your list of probable faulty functional units includes: 

a. amplifier-control and amplifier-converter-modulator. 
Incorrect. The amplifier-control was apparently working nor- 
mally as indicated by the fluctuations on the audio level (VU) 
meter in the converter-monitor. The USB audio output is fed 
to the converter-monitor's VU meter and then to the amplifier- 
converter-modulator. Therefore, the audio signal from the 
amplifier-control to the amplifier-converter-modulator was 
good. Since the audio input to the amplifier-converter- 
modulator was good and you have not checked the output from 
the amplifier-converter-modulator to determine if it is good, 
this unit is a good choice as a possible faulty unit. 

b. amplifier-converter-modulator and converter-oscillator. 
Correct. The audio level (VU) meter fluctuations in the USB 
mode of operation indicate that the amplifier control unit is 
operating properly. The audio is fed from the amplifier-control 
through the converter-monitor where it is monitored by the 
audio level meter to the amplifier-converter-modulator. 
Therefore, you know that you have a good input to the amplifier- 
converter-modulator. There is no output from the converter- 
oscillator as indicated by the amplifier-converter-modulator 
meter which monitors the RF EXCITER output. The fault must 
be in either the converter-oscillator or amplifier-converter- 
modulator. 

c. converter-oscillator and radio frequency amplifier. Incorrect. 
The radio frequency amplifier can be eliminated, since there 
was no input to this unit from the converter-oscillator (as indi- 
cated by the meter in the amplifier-converter-modulator). If 
there is no input to the radio frequency amplifier, you couldn't 
expect any output. The fault must be located in the preceding 
units. The converter-oscillator precedes the radio frequency 

amplifier and is a good choice as a possible faulty unit. 


Step 4 of Troubleshooting Problem No. 3 


Step 4 of the six-step troubleshooting procedure is localizing the faulty 
functions. Refer to the servicing block diagrams of the converter-oscillator 


Step 4 of the six-step troubleshooting procedure is localizing the faulty 
functions. Refer to the overall servicing block diagram for the AN/URC-32, 
Appendix D. How can you determine if the converter-oscillator or the 
amplifier-converter-modulator is at fault? (Q7) 


amplifier-converter-modulator is at fault? 
2%. Check the input signal to the amplifier-converter-modulator. 
b. Check the output signal from the amplifier-converter- 
modulator. 
ce. Check the output signal from the converter-oscillator. 
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ANSWERS: 


To determine which functional unit is faulty, you: 

a. Check the input signal to the amplifier-converter-modulator. 
Incorrect. You already know that the input to the amplifier- 
converter-modulator is good because of the indication on the 
audio level (VU) meter. You should observe the signal between 
the two units to determine if the output from the first unit is 
good or bad. 

b. Check the output signal from the amplifier-converter- 
modulator. Good! The amplifier-converter-modulator output 
is fed to the converter-oscillator. If this signal is bad, then the 
fault must be in the amplifier-converter-modulator; if the sig- 
nal is good, the fault is in the converter-oscillator. 

c. Check the output signal from the converter-oscillator. 
Incorrect. You already know that there is no output from the 
converter-oscillator — the meter in the amplifier-converter- 
modulator in the RF OUT EXCITER position measures this 
output. It won't do much good to measure it again. 
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Refer to the servicing block diagram for the amplifier-converter- 


modulator, 


figure 4-21. Which of the test points will allow you to isolate 


the faulty functional unit with a single measurement? (Q8) 


on07p 


. Jl of the TGC module. 
. Jl of the USB module. 
. J2 of the USB module. 
. J8 (cabinet connector). 
. J9 (cabinet connector). 
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ANSWERS: 


You can isolate the faulty functional unit with a single measurement at: 


a. 


Jl of the TGC module. Incorrect. This test point will allow 
you to check most of the amplifier-converter-modulator, but 
not all of it. If the signal at this point is good, you still cannot 
say definitely that the fault is in the converter-oscillator be- 
cause it could be in the remaining tgc circuits. 


. Jl of the USB module. Incorrect. This test point is near the 


input of the amplifier-converter-modulator and would not be a 
good point to isolate the fault to one of the functional units. If 
the signal was good at this point, the fault could still be in 
either unit. 


. J2 of the USB module. Incorrect. Too many circuits follow 


this point to definitely isolate the fault to one or the other of the 
two units. 


. J8 (cabinet connector). Incorrect. This is the 300 ke input 


from the converter-oscillator during receive. You know this 
signal will be present (during receive). 


. J9 (cabinet connector). Correct. This is the 300 ke output of 


the amplifier-converter-modulator during transmit. If there is 
an output at J9, then the fault is in the converter-oscillator; if 
there is no output, the fault is in the amplifier-converter- 
modulator. 
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Using an oscilloscope you observe a 300 ke signal at J9. The faulty 
unit is the: (Q9) 
a. amplifier-converter-modulator. 
b. converter-oscillator. 
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ANSWERS: 


The faulty unit is the: 
a. amplifier-converter-modulator. Incorrect. The output at J9 
was normal. If there is a 300 ke signal being fed to the 


converter-oscillator and if that unit is functioning properly, 
there would be an output to the radio frequency amplifier. 

. converter-oscillator. Correct. The output at J9 was normal 
for the amplifier-converter-modulator. Therefore, the fault 
must be in the converter-oscillator. 


Step 5 of Troubleshooting Problem No. 3 


Look at figure 4-11, pages 4-42 and 4-43 of NAVSHIPS 93285(B). During 
transmit the 300 ke output from the amplifier-converter-modulator is fed 
through the 0.1 kc tuning unit to the input of the RF tuner, and through the 
RF tuner to the radio frequency amplifier via connector J10. With respect 
to the 0.1 kc tuning unit, the transmit 300 ke signal enters through con- 
nector A2 and exits via connector A4. 

Initially, where should you place brackets to enclose the faulty 
circuit? (Q10) 
. Input connector J11 and output connector J12. 

. Input connector J13 and output connector J10. 
. Input connector J11 and output connector J10. 
. Input connector J13 and output connector Jl2. 


aor pn 
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ANSWERS: 


You place the enclosing brackets at: 

a. Input connector J11 and output connector J12. Incorrect. J11 
is the receive RF input; J12 is the receive 300 ke signal to the 
amplifier~converter-modulator. 

. Input connector J13 and output connector J10. Correct. You 
know the input from the amplifier-converter-modulator is 
correct; you know there is no output to the radio frequency 


amplifier. 

. Input connector J11 and output connector J10. Incorrect. Input 
connector J11 is the receive RF input. J10 is correct; you 
know there is no output to the radio frequency amplifier. 

. Input connector J13 and output connector J12. Incorrect. 
Connector J13 is correct; you just verified that the input from 
the amplifier-converter-modulator was correct. Connector 
J12 is the receive 300 ke output to the amplifier; this signal 
is not used during transmit, and was normal during receive. 


Where would you measure the signal to move your input brackets such 
that you divide the questionable circuits approximatély in half? (Q11) 
a. 0.1 ke tuning unit connector A4. 
b. RF tuner test point J1. 
c. RF tuner test point J6. 
d. RF tuner test point J8. 
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ANSWERS: 


You would reduce the number of suspect circuits by approximately half 
by making a measurement at: 
a. 0.1 ke tuning unit connector A4. Poor. This test would isolate 
the fault to either the tuning unitor the RF tuner; however, the 
RF tuner is much more complex than the 0.1 ke tuning unit, 
and the division is unequal. 
. RF tuner test point Jl. Poor. Essentially this isolates the 


fault to either the 0.1 kc tuning unit or the RF tuner. The RF 
tuner is much more complex than the 0.1 ke tuning unit. 

. RF tuner test point J6. Very good. A measurement here will 
isolate the fault to the high-frequency circuits of the RF tuner 
or to the preceding circuits (0.1 ke tuning unit and low- 
frequency circuits of the RF tuner). 

. RF tuner test point J8. Very poor. This would only eliminate 
a single stage in the RF tuner; if the signal at J8 was bad, you 
would still be left with most of the RF tuner and the 0.1 ke 
tuning unit. 
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Refer to table 4-3, page 4-23 in NAVSHIPS 93285(B). With the 
transceiver adjusted to transmit in band 1 at 1.9 mc, you measure 
11.8 millivolts at J6; the frequency is 1.9 mc. Where should you make 
your next test? (Q12) 

a. RF tuner test point J1. 
b. RF tuner test point J4. 
c. RF tuner test point J8. 
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ANSWERS: 


You make your next test at: 
a. RF tuner test point Jl. Incorrect. The measurement at J6 


b. 


eliminated the circuits preceding J6. 
RF tuner test point J4. Incorrect. The measurement at J6 


eliminated the circuits preceding J6. 

. RF tuner test point J8. Good. This effectively isolates the 
fault to either transmitter RF amplifier V4 or transmitter 
output amplifier V6. Transmitter RF amplifier V5 could not 
be defective since it is only used on band 2; the transceiver 
will not transmit on any band. 
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With the transceiver adjusted to transmit in band 1 at 1.9 mc, you 
measure 215 millivolts at J8; the frequency is 1.9 mc. You conclude that 


the fault is (Q13) 
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ANSWER: 


On the basis of your test results you conclude that the fault is 


in transmitter output amplifier V6 or its associated circuit. 
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Step 6 of Troubleshooting Problem No. 3 


Your next step is to find the faulty component. Refer to figure 5-103 
(pages 5-92 and 5-93 of NAVSHIPS 93285(B), RF Tuner Module Schematic 
Diagram, and locate the stage which contains the fault. Find test point J8, 
the RF EXCITER meter output (pin 24 of P2), and pin 5 of Pl, the transmit 
output. You have a good signal at J8; your input bracket goes here. You 
have no RF output and no RF EXCITER meter output, so your output brackets 
go at P1-5 and P2-24. The faulty component must be located in the circuit 
between the closing brackets. 

Examine the circuit closely. The one component in the circuit that 
would most likely be at fault is 


(Q14) 
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ANSWER: 


” The one component in the circuit that would most likely be at fault is 


V6. Once you isolate a vacuum tube stage, a check of the tube will often 
isolate the trouble. 
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When you check V6 you find it contains a screen grid to suppressor 
grid short. When you replace V6 with a new tube and test the transceiver, 
you find that the original symptoms still remain. 

Now what should you do? (Q15) 

a. Start troubleshooting again at step 1. 
b. Start troubleshooting again at step 3. 
c. Continue trouble analysis, step 6. 
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ANSWERS: 


Now what should you do? (Q16) 
a. Start troubleshooting again at step 1. Incorrect. Why start 
all over again? You can be fairly certain the trouble is in 
the same circuit. Did you analyze the fault you found to deter- 
mine its cause or its effects? Don't start over when you are 
so close to locating the trouble. 


. Start troubleshooting again at step 3. Incorrect. You could, 
but you'll end up back at this same circuit. Did you analyze 
the fault you found to determine its possible cause, or its 
effects ? 

. Continue trouble analysis, step 6. Correct. You have only 
performed half of step 6. Now complete step 6 by analyzing 
the circuit and locating the other faulty component(s). 
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To obtain additional intormation you measure voltages and resistances 
around the socket of V6. Resistance measurements are made with the 
chassis connector removed from P2. You obtain the following: 


V6 Pin No. Voltage Resistance 
1 0 vde 68 ohms 
4 6 vac 1 ohm 
5 6 vac 0 ohms 
6 250 vde infinity 
7 0 vde 0 ohms 
8 0 vde infinity 
9 0 vde 19 ohms 
From the voltage and resistance measurements; which component is 
most likely at fault? (Q17) 
a. R15 open. 
b. L34 open. 
c. L21 open. 
d. R16 open. 
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ANSWERS: 


The component which is most likely defective is: 
a. R15 open. Incorrect. R15 (cathode resistor) measured 68 
ohms which is normal. 
. L384 open. Incorrect. The resistance between pin 9 of V6 is 


19 ohms through L34. The resistance of L34 is printed on the 
schematic as 19 ohms. 

. L21 open. Incorrect. If L21 were open there would not be any 
plate voltage. Since there is plate voltage L21 is not open. 

. R16 open. Correct. Since there is plate voltage and no screen 
voltage R16 must be open. 


Analyzing the fault, which statement best describes the cause of the 
fault ? (Q18) 
a. The shorted tube probably caused R16 to open. 
b. R16 probably caused the tube to short. 


ANSWERS: 


The statement which best describes the cause of the fault is: 
a. The shorted tube probably caused R16 to open. Correct. The 
short in the tube would cause excessive current to flow through 


R1i6, developing approximately 4 watts; R16 is a two-watt 
resistor. 

. R16 probably caused the tube to short. Incorrect. It is very 
unlikely that an open resistor could cause a short in the tube. 
If R16 opened, the loss of screen voltage would probably cut 
off the tube, but would not cause any damage. 


This completes chapter III. A number of review questions follow for 
self-evaluation. 
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Ql. 


Q2. 


Q3. 


@Q4. 


Qd. 


Q6. 


CHAPTER HI REVIEW QUESTIONS 


Note: See appendix A for correct answers. 


The indicator which indicates the performance of the converter- 
oscillator and the preceding equipment in the transmit function is the 
amplifier-converter-modulator meter when in the 

position. 

The high voltage (+2000v) is obtained by summing the 

and volt supply outputs. 

Voltage checks of the low voltage power supply are made with the 


built-in meter on the unit. 


In localizing the faulty function and circuit (steps 4 and 5 of the six- 
step troubleshooting procedure), the diagram that is the easiest to 
use and the most useful is the: 

a. functional block diagram. 

b. servicing block diagram. 

c. schematic diagram. 
In performing step 6 of the six-step troubleshooting procedure, you 
would normally use the: 

a. functional block diagram. 

b. servicing block diagram. 

c. circuit schematic. 
Normally you use test equipment for the first time during which step 


of the six-step troubleshooting procedure ? 


Q7. After you have located a faulty component, you should next: 


a. analyze the circuit to see if it is the only component causing 


trouble. 
b. replace the component. 
c. see if the component can be repaired. 


d. fill out a failure report. 


Q8. In troubleshooting a transmitter, step 4 of the six-step troubleshooting 
procedure can be skipped if: 
a. the transmitter is metered thoroughly. 
b. step 3 lists only one possible functional unit. 
c. step 5 is going to be performed. 
d. step 2 has many indications. 

Q9. If a technician overlooks the fact that a 500 watt transmitter is radi- 
ating only 400 watts, he is not doing step of the six-step 
troubleshooting procedure. 

a. step 1 
b. step 2 
c. step 3 
d. step 4 
Q10. The AN/URC-32 is keyed with the CW TEST switch and the XMIT lamp 
does not light. The list of probable faulty units should include: 
a. converter-oscillator and low voltage power supply. 
b. low voltage power supply and high voltage power supply. 
c. converter-monitor and low voltage power supply. 


d. converter-monitor and converter-oscillator. 
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Q11l. With the carrier reinserted and no modulation, the PLATE CURRENT 
meter should indicate: 
a. 0 ma. 
b. 150 ma. 
c. 300 ma. 
d. 450 ma. 
Q12. With no modulation and no carrier reinsertion, the PLATE CURRENT 
meter should indicate: 
a. Oma. 
b. 150 ma. 
c. 300 ma. 


d. 450 ma. 


CHAPTER IV. TROUBLESHOOTING PROBLEMS 


This chapter contains three troubleshooting problems which you are to 
solve using the six-step troubleshooting procedure. 

In a few places you'll have to skip pages, rather than go page-by-page 
as in chapter III. When answering questions, be alert for page numbers fol- 


lowing the alternate answers. 


TROUBLESHOOTING PROBLEM NO. 4 


Problem Statement 


A radioman reports he can't establish two-way contact with another sta- 
tion on the AN/URC-32 in the USB mode of operation. Reception of the other 
station is good. 


Which of the following best describes your knowledge of the situation at 
this point? (Q1) 
. The other station's receiver is not functioning. 

. The local station's smo is defective. 
. The local receiver is not functioning. 
Either the local transmitter or the other receiver is not 


functioning. 


wr om oun) 


ANSWERS: 


The statement you selected was: 
a. The other station's receiver is not functioning. Possible. With- 
out checking further, you don't really know. 
. The local station's smo is not functioning. Incorrect. The smo 
is used in both transmit and receive; reception is clear, there- 


fore the smo must be working. 

. The local receiver is not functioning. Incorrect. Reread the 
problem statement. 

. Either the local transmitter or the other receiver is not func- 
tioning. Correct. At this point, all you know for sure is that 
the other station is not receiving your signal; either "end" 
could be faulty. 


What should you do next? (Q2) 


a. Send a message directing the other station to repair their 
receiver. 


b. Check the AN/URC-32 indicators to see whether it is 
transmitting. 
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ANSWERS: 


Your next action is to: 
a. Send a message directing the other station to repair their 
receiver. Hardly! It would be pretty embarrassing if your 


equipment was at fault. You'd better check out your own equip- 
ment first. 

. Check the AN/URC-32 indicators to see whether it is trans- 
mitting. Correct. The indicators built into the equipment were 
put there to tell you whether or not the equipment is operating 
correctly. 


Troubleshooting Procedure 


After energizing the AN/URC-32 in the USB mode of operation, you ob- 
tain the following indications: 


Indicator Indication 
WATTMETER (modulation) zero watts 
WATTMETER (no modulation) zero watts 
PLATE CURRENT (modulation) 150 ma 
PLATE CURRENT (no modulation) 150 ma 
PLATE ON lamp on 
Amplifier-converter- modulator fluctuates 
meter in RF OUT EXCITER with 
position modulation 
OSC ON lamp off 
XMIT lamp on 


Are you transmitting RF power ? Obviously not; the wattmeter reads 
zero, 


Which of the following statements best describes your next action: (Q3) 
a. You are ready to list the possible faulty functions. 
b. You want to look at indications in other modes of operation to 
see if you can learn more about the problem. 
c. You know which function is defective and are ready to begin 
making circuit checks. 


ANSWERS: 


Your next action is: 

a. You are ready to list the possible faulty functions. You could, 
but your list will probably be pretty long, and you may spend a 
lot more time isolating the faulty function than is really neces- 
sary. At this point it would be wise to see if more can be 
learned about the fault. 

- You want to look at indications in other modes of operation to 
see if you can learn more about the problem. Correct. At this 
point you know quite a bit about the fault, but it is probable you 
will learn more by trying operation in other modes. 

. You know which function is defective and are ready to begin 
making circuit checks. Very doubtful. At this point you do not 
have enough information to specify, with certainty, which func- 
tional unit is defective (although a lucky guess is always 
possible). 


You place the TUNE-LOCAL-EXTERNAL switch on the amplifier- 
converter-modulator to TUNE. This disconnects the 
and reinserts the .  — (Q4) 

(Refer to figure 5-112, page 5-114 of NAVSHIPS 93285(B).) 


ANSWER: 


Placing the TUNE-LOCAL-EXTERNAL switch on the amplifier- 


converter-modulator to TUNE disconnects the audio input and reinserts 
the 300 ke carrier. 


You then obtain the following: 


Indicator Indication 
WATTMETER zero watts 
PLATE CURRENT 150 ma 
PLATE ON lamp on 


Amplifier-converter-modulator 
meter in RF OUT EXCITER 


position 15 db 
OSC ON lamp off 
XMIT lamp on 


Adjusting the DRIVER TUNE and PA TUNE has no effect on the WATT- 
METER or PLATE CURRENT meter. You switch the amplifier-converter- 
modulator meter through its switch positions and observe the following: 


Switch Position Meter Indication 

-90 40 db (midscale) 

+130 40 db (midscale) 

+250 40 db (midscale) 
AGC-TGC (transmit) zero 


Pressing the PL NO. 1 and PL NO. 2 switches on the radio frequency 
amplifier to the TEST positions you read 75 ma and 80 ma, respectively 


Now what should you do? (Q5) 
a. List the possible faulty functions. 
b. Begin making circuit checks. 
c. Look at operation in other modes. 


ANSWERS: 


You decide to: 

a. List the possible faulty functions. In most cases this would be 
the correct answer. However, if you look at the data very 
closely, you should be able to determine exactly which func- 
tional unit is at fault. Review the preceding pages, then try 


again. 

. Begin making circuit checks. Very good. You correctly noted 
that in this case, only one functional unit could be at fault, and 
you can skip step 3 of the troubleshooting procedure. 

. Look at operation in other modes. Incorrect. You have looked 
at everything pertinent during transmit, and you know the re- 
ceive section works normally. 


What is the faulty functional unit? (Q6) 


ANSWER: 


The radio frequency amplifier is the faulty functional unit. 


The RF output from the converter-oscillator is present, but the plate 
current is very low (150 ma vs the normal level of about 300 ma) and there 
is no output from the radio frequency amplifier (as indicated by the zero 
level on the WATTMETER). Presence of both 2000 volts and 400 volts is 
indicated. The meter readings for the -90v, +130v, and +250v low voltage 
power supply outputs are normal. The XMIT lamp is on, indicating pres- 
ence of +28 volts. The output from the converter-oscillator is normal, in- 
dicating that it and all the preceding units are functioning normally. The 
fault must be in the radio frequency amplifier. 

You are ready to isolate the faulty circuit. Where would you place your 
brackets (representing points of known good signal, and verified absence of 
signal) on figure 5-98 of NAVSHIPS 93285(B) (page 5-81)? (Q7) 

a. RF input to driver stage (J1) and output of power amplifier 
stage (J2). 

b. RF input to driver stage (J1) and output of driver stage (junction 
of C9 and L4). 

c. Input to power amplifier stage (junction of C9 and L4) and output 
of the power amplifier stage (J2). 


a. 


NOTE: 


ANSWERS: 


You would place the brackets at the: 


. RF input to driver stage (J1) and output of driver stage (junction 


. Input to power amplifier stage (junction of C9 and L4) and output 


RF input to driver stage (J1) and output of power amplifier 
stage (J2). Not bad, but you know more about the fault than 
this. Look at the PLATE CURRENT meter indication, then 
try again. 


of C9 and L4). Very good! The indications are that proper 
drive is being applied to the input; the PLATE CURRENT meter 
indicates there is no RF drive to the power amplifier. The fault 
must lie in the driver stage. You should, of course, verify 
these conclusions by checking the input and output waveforms 
for the driver stage. 


of the power amplifier stage (J2). Incorrect. Plate current is 
present, and is in fact, normal for the condition where no RF 
drive exists. Think about this fact, and the fact that proper 
drive signal input to the radio frequency amplifier is indicated, 
then try again. 


Follow page directions carefully during the remainder of this 
problem. 


What do you want to do next? (Q8) 


a 
b. 
Cc 


. Check voltages around Vl and V2........ turn to page 4-17 


Cheek Vi and’ V2) 6 sage acre na sw ele ae turn to page 4-21 


. Check resistances at V1 and 


Wize SOCKCES ee Fe ak eer uni yi eag ns tae Sete ks turn to page 4-19 


The following resistance measurements were obtained with the trans- 
ceiver power off and V1 and V2 removed from their sockets (resistance 


measured to ground): 


Socket- Resistance 
Pin Vi v2 
1 40 40 
2 47K 47K 
3 infinity infinity 
6 2630 2630 
7 0 0 
8 infinity infinity 
9 47K 47K 
You examine these values and replace: (Q10) 
a. Zl. 
b. Ll. 
c. Z2 
d. R83. 
e. R4. 
f. C6. 


Go to the next page 


ANSWERS: 


You replaced: 

. Zl. Incorrect. You measured 2630 ohms at pin 6; this is the 
total de resistance of Z1, L3, R25, and R5 to ground through 
contacts of relay K2, which is deenergized. 

. Ll. Incorrect. You measured 40 ohms at pin 1; this is the 
total resistance of L1 and R3 in series. 

. Z2. Incorrect. You measured 2630 ohms at pin 6; this is the 
total de resistance of Z1, L3, R25, and R5 to ground through 
contacts of relay K2, which is deenergized. 

. R38. Incorrect. You measured 40 ohms at pin 1; this is the 
total resistance of L1 and R3 in series. ‘ 

. R4. Correct. If everything is normal you should see approxi- 
mately 10.8K ohms from V1 pin 3 or 8 (R24 + R4+ R5) and 
10.7K from V2 pin 3 or 8. You measured infinity. R4 must be 
open. 

. C6. Incorrect. If C6 were shorted, pin 6 of V1 and V6 would 
indicate approximately 130 ohms to ground (Z1 or Z2 + L3 + 
R25). 


Go to page 4-23 


You decided to check voltages around the sockets of V1 and V2. In this 
instance, this would represent poor practice. First, you would have to by- 
pass the cabinet interlocks to maintain the 400 volt and 2000 volt inputs and 
the 115 vac input to the bias supply. Second, gaining access to the V1 and V2 
tube sockets places your hands in close proximity to exposed 400 volt po- 
tentials. Finally, no reference values are given for the radio frequency am- 
plifier stages. Voltage readings within the radio frequency amplifier are 
difficult and dangerous to obtain, and are also difficult to evaluate. They 
should be used in fault isolation of this particular cabinet only as a last 
resort. 

Return to page 4-14and select another answer. 


You replaced V2 with a new tube. When you checked operation, the 
symptoms evident at the start of this problem still existed — the fault was 


not repaired. 


You had better turn to page 4-15 and do some more checking. 


You decided to measure resistances at the sockets of V1 and V2. You 
remove power from the set, take V1 and V2 from their sockets, and meas- 
ure the following resistances to ground: 


Socket- Resistance 
Pin Vi V2 
1 40 40 
2 47K 47K 
3 infinity infinity 
6 2630 2630 
7 0 0 
8 infinity infinity 
9 47K ATK 
You examine these values and decide to replace: (Q11) 

a. Zl. 

b. Ll. 

Cx 42, 

d. R3. 

e. R4. 

f. C6. 


Go to the next page 


ANSWERS: 


You replaced: 

. Z1. Incorrect. You measured 2630 ohms at pin 6; this is the 
total de resistance of Z1, L3, R25, and R5 to ground through 
contacts of relay K2, which is deenergized. 

. L1. Incorrect. You measured 40 ohms at pin 1; this is the 
total resistance of L1 and R3 in series. 

. Z2. Incorrect. You measured 2630 ohms at pin 6; this is the 
total de resistance of Z1, L3, R25, and R5 to ground through 
contacts of relay K2, which is deenergized. 

. R38, Incorrect. You measured 40 ohms at pin 1; this is the 
total resistance of Li and R3 in series. 

. R4. Correct. You should see approximately 10.8K ohms from 
V1 pin 3 or 8 (R24+ R4+ R5) and 10.7K from V2 pin 3 or 8. 
You measured infinity. R4 must be open. 

. C6. Incorrect. If C6 were shorted, pin 6 of V1 and V6 would 
indicate approximately 130 ohms to ground. 


When you look at resistor R4 from the other side of the chassis, 
you note it is very burnt looking. You replace R4. What do you do 


next? (Q12) 
a. Turn on the equipment and check out operation. 
b. Check V1 and V2. 


Go to page 4-22 


4-20 


You want to check V1 and V2. Good — this is a relatively easy check, 
and good practice at this point in your procedure. 
Using a tube tester, you check V1 and V2. V1 checks good; V2 has a 
short between the suppressor and screen grids (pins 7 and 8) 
Now what do you want to do? (Q9) 
a. Replace V2; the fault is repaired ......... turn to page 4-18 
b. Do some more checking before . 
replacing V2 and turning on the 
eqQUIPMeNt. oie 6 ec te a eee po as ve dn turn to page 4-15 


ag 
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ANSWERS: 


After replacing R4 you decide to: 
a. Turn on the equipment and check out operation. Well, maybe - 
but what caused R4 to open? It must have received more current 
than it would take. Evidently something is shorting out; if you 


replace R4 without eliminating the short you may have to re- 
place R4 twice! 

. Check V1 and V2. Very Good. You find a screen-to-suppressor 
short (pin 7 to 8) in V2. You knew that something was shorted; 
the tubes are all that are left: 


Go to the next page 


Which statement best describes how the two faults (R4 and V2) = (Q13) 
occurred ? 
a. The shorted tube probably caused R4 to open. 
b. The open resistor (R4) probably caused the tube to short. 


Go to the next page 


a0 


ANSWERS: 


Your answer is: 

a. The shorted tube probably caused R4 to open. Correct. With 
pins 7 and 8 shorted, the entire 400 volt screen supply is im- 
pressed across R5, R25, and R4; a current of approximately 
37 ma (400v/(100 ohms + 2500 ohms + 8200 ohms)) flowed 


through R4, developing about 11 watts ((37 ma)? 8.2K). R4 isa 
2 watt resistor; it opened! 

. The open resistor (R4) probably caused the tube to short. In- 
correct. If R4 had opened before the tube shorted, the plate 
currents of V1 and V2 would have been greatly reduced, but no 
other effect would have been noted. Reduced plate current will 
not cause a tube to short. 


Go have a coke or a coffee, then try Troubleshooting Problem 5, 
on page 4-25, 
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TROUBLESHOOTING PROBLEM NO. 5 


Problem Statement 


While in communication with another station using USB as the mode of 
operation, the operator completes a transmission and listens. The station 
he has been talking to does not reply. 

Which statement best describes this situation? (Q1) 

a. The other station is having transmitter trouble. 

b. You are having receiver trouble. 

c. You are having transmitter trouble and the other station did not 
reply because the operator couldn't tell when you signed over. 

d. The trouble may be either your own receiver or the other sta- 
tion's transmitter. 
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ANSWERS: 


Your description of the situation is: 

a. The other station is having transmitter trouble. Possible. 
However, if you assume the other fellow is having trouble, 
you may get yourself into trouble — of a different kind! The 
best bet is to check out your equipment. 

. You are having receiver trouble. Possible, but it could be 
the other station's transmitter. You won't know ‘till you check. 

. You are having transmitter trouble and the other station did 
not reply because it couldn't tell when you signed over. Not 
very likely. A very slim possibility exists that you are having 
transmitter trouble; however, if your signal ceased unexpect- 
edly the other station would very likely inform you your signal 
had been lost. 

. The trouble may be either your own receiver or the other sta- 
tion's transmitter. Correct. A fault in either one of these units 
would disrupt communications as described. To be on the safe 
side, your best bet would be to check out your own equipment 
immediately. 
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In the USB receive mode of operation, no signals are heard as the unit 
is tuned. The amplifier-converter-modulator meter in the AGC-TGC posi- 
tion fluctuates as the transceiver is tuned across the band. 

Choose the most accurate statement: (Q2) 

a. The other station was having trouble. 
b. You have receiver trouble. 
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ANSWERS: 


The most accurate statement is: 
a. The other station was having trouble. Incorrect. You have 
missed a very important point: when you tuned the receiver, 
no signals were heard. Normally you would expect to hear 


some signal. 

. You have receiver trouble. Correct. As you tune across the 
band you would expect to hear some kind of signal. The lack of 
any signal indicates something is wrong in the receive mode of 
operation, 


If you think that you have enough information to list the probable faulty 
functions, select the list that you think is correct. On the other hand, if 
you feel more information is needed, turn to page 4-31 and continue reading. 
Your list of faulty functions should include: (Q3) 
a. converter-oscillator, amplifier-converter-modulator, 
amplifier-control, control-power supply. 
b. converter-oscillator, amplifier-converter-modulator, 
amplifier-control. 
c. converter-oscillator, amplifier-converter-modulator. 


Turn to the next page or turn to page 4-31 
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ANSWERS: 


Your list of faulty functions includes: 

a. converter-oscillator, amplifier-converter-modulator, 
amplifier-control, control-power supply. Correct. If you 
are going to list the faulty functions at this time, then your 
list should include all of these units. No doubt you will even- 
tually find the fault, but you could do it much faster if you 
manipulate some of the other controls first and examine the 
resulting indications. You may be able to reduce your list 
considerably. 

b. converter-oscillator, amplifier-converter-modulator, 
amplifier-control. Incorrect. All the units which are used 
in the receive mode should be included in your list. You should 
find out more about the fault before listing the probable faulty 
functions; if you list them now, but not completely, you're 
really wasting your time! 

ce. converter-oscillator, amplifier-converter-modulator. Incor- 
rect. All the units which are used in the receive mode should 
be included in your list. You should find out more about the 
fault before listing the probable faulty functions; if you list 

them now, but not completely, you're really wasting your time! 


Let's go back and see how symptom elaboration can make your job easier. 


To gain more information about the fault, you perform the following 
steps. 
1. You change the receive mode from USB to AM and tune the 
‘receiver; this time you hear stations coming in. 
2. Signals are again heard when the SIDEBAND SELECTOR is 
placed in the LSB position. 
3. You check the amplifier-converter-modulator meter indications: 


Switch Position Meter Indication 
-90 40 db 
+130 40 db 
+250 40 db 
AGC-TGC varies as receiver is tuned 
Your list of probable f:..\:ty functions can now be limited to; (Q4) 


a. converter-oscillutor unit. 
b. amplifier-control unit. 
c. amplifier-converter-modulator unit. 
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ANSWERS: 


You limited your list of possible faulty functions to: 
a. converter-oscillator unit. Incorrect. The 300 kc output from 
this unit is fed to the three IF/AF amplifiers in the amplifier- 
converter-modulator unit. Since AM and LSB signals were re- 
ceived properly, the converter-oscillator must be working 
properly. 
b. amplifier-control unit. Incorrect. Proper reception of AM and 
LSB signals checks out both audio channels of this unit. 
c. amplifier-converter-modulator. Correct. The amplifier- 
control unit is checked out completely during AM and LSB re- 
ception. The converter-oscillator and part of the amplifier- 
converter-modulator also checked out OK. The transceiver 
failed only in USB reception, so the fault is limited to the 
amplifier-converter-modulator since this is the only unit which 
uses separate amplifiers for each mode of operation. 
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Examine the amplifier-converter-modulator servicing block diagram, 
figure 4-21. Where would you place the input and output brackets to enclose 
all the possible faulty circuits? (Q5) 

a. Input connector J8 and cabinet jack J11 (pins 3 and 4). 
b. Input connector J8 and cabinet jack J11 (pins 5 and 6). 
c. Input connector J10 and cabinet jack J11 (pins 3 and 4). 
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ANSWERS: 


You would place the enclosing brackets at: 

a. Input connector J8 and cabinet jack J11 (pins 3 and 4). Partially 
right. J8 is the 300 ke input from the converter-oscillator; you 
know this signal is good. J11 (pins 3 and 4) is the LSB audio 
output which is also good. You won't isolate a faulty circuit by 
placing brackets around a good circuit. 

. Input connector J8 and cabinet jack J11 (pins 5 and 6). Correct. 
The 300 ke signal at J8 is good and the output J11 (pins 5 and 6) 
is bad in the USB mode of operation. Therefore, the fault is 
between these two terminals. 

. Input connector J10 and cabinet jack J11 (pins 3 and 4). Incor- 
rect. J10 is the 100 kc input for the carrier oscillator which 
supplies the injection signal in the USB and LSB IF/AF ampli- 
fiers. You know the injection signal is good because it is used 
in the transmit mode and in the LSB IF/AF amplifiers. If the 
injections were not present there would be no output in the USB 
transmit mode. J11 (pins 3 and 4) is the LSB audio output; this 
signal is also good. 


NOTE: Follow page directions carefully during the remainder of this 
problem. 


The next step you would perform is: (Q6) 
a. Exchange the USB and LSB 
IF/AF amplifiers to see if 
the USB IF/AF amplifier will 
work in the LSB socket ............. turn to page 4-36 


‘heck the audio amplifiers in the 
OSB IF/AF amplifier (figure 5-112, 
page 5-114) ....., Mi adiasad Ghatak 2 heat turn to page 4-39 
c. Move the brackets by injecting a 
100 microvolt 300 ke signal at J8 
and measuring the output voltage 
BD cesta ee eee eee xe! ob oath ge ee 4 turn to page 4-41 


The next step you would perform is: 
a. Exchange the USB and LSB IF/AF amplifiers to see if the USB 
IF/AF amplifier will work in the LSB socket. 

When you change the USB and LSB IF/AF amplifiers, you 
find the USB IF/AF amplifier still doesn't work. This extra 
effort did not help you isolate the faulty circuit; you already 
knew the USB IF/AF amplifier was faulty. 

Return to page 4-35 and select another step. 


You want to make resistance checks next. 
The following resistance measurements are made at Q1 with the IF/AF 
amplifier removed from the transceiver (see note 5 on figure 5-116) 
Q1-E = 6K ohms 
@Q1-C = 6K ohms 
Q1-B = 120 K ohms 


If you feel you can isolate the faulty 


COMPONE Mb 45 ici ic ae Oe: des od eae ee ay turn to page 4-47 
If you would like to take voltage 
measurements........... Ma Gate ctantih AAS ALS ta hy Gonads tote tn de “we turn to page 4-38 
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You want to make voltage checks. 
The following de voltages were obtained with the IF/AF amplifier in 
the circuit and with no signal applied, (see note 5 on figure 5-116): 
Q1-E = 0 volts 
Q1-C = +28 volts 
Q1-B = +12.5 volts 


If you feel that you have enough 


information to isolate the fault ..........-.-.--4, turn to page 4-47 
If you want to make resistance 
MEASUPEMENtS.. se ee ee Be ee ew ER turn to page 4-37 


The next step you would perform is: 

b. Move the brackets by using the SIDETONE switch to inject an 
dudio signal at test point J1 of the USB IF/AF amplifier to 
check the audio amplifier in the USB IF/AF amplifier. Very 
good. By using the SIDETONE switch (which takes a portion of 
the transmitted audio and injects it at test point J1) the audio 
amplifier in the USB IF/AF amplifier can be checked. You can 
use a signal generator for this check; however, using the 
SIDETONE switch allows you to check the audio amplifier 
without bothering to get out a signal generator. 


You place the SIDETONE switch in the ON position with the transceiver 
in the USB transmit mode. No audio is heard from the USB output. 
The fault is in the: (Q7) 
a. IF section of the USB IF/AF amplifier. 
b. AF section of the USB IF/AF amplifier. 


Go to the next page 
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ANSWERS: 


The fault is in the: 
a. IF section of the IF/AF amplifier. Incorrect. You tested the 


audio amplifier and found it to be faulty. There is no reason to 
suspect the IF amplifier. 

. AF section of the IF/AF amplifier. Correct. You checked the 
AF section and found no audio output. The fault must he in this 
section. 


Go to page 4-43 
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The next step you perform is: 
c. Move the brackets by injecting a 100 microvolt 300 ke signal 
at J8 and measuring the output voltage at test point J1 of the 
USB IF/AF amplifier. Good. By checking the output at J1 
with a 300.kc input, you can determine if the IF section of the 
USB IF/AF amplifier is working properly. 


You inject a 300kc signal at J8 and measure the voltage level at J1. 
You find the voltage level is satisfactory. 
The fault is in the: (Q8) 
a. IF section of the IF/AF amplifier. 
b. AF section of the IF/AF amplitier. 


Go to the next page 
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ANSWERS: 


The fault is in the: 
a. IF section of the IF/AF amplifier. Incorrect. You checked the 


IF amplifier section and found it to be working satisfactorily. 
Therefore, the fault could not be in the IF section. 

. AF section of the IF/AF amplifier. Correct. You checked the 
IF section and found it working. The fault must be in the audio 
amplifier. 


Go to the next page 
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You have isolated the fault to the AF section of the USB IF/AF ampli- 
fier. Refer to figure 5-116, the schematic diagram for the USB IF/AF 
amplifier (page 5-119) in NAVSHIPS 93285(B). 

To further isolate the fault, what should you do? (Q9) 

a. Place an audio signal at the collector of Q1. 
b. Place an audio signal at the base of Q1. 
c. Place an audio signal at the collectors of Q2 and Q3. 


Go to the next page 
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ANSWERS: 


To further isolate the fault you: 

a. Place an audio signal at the collector of Q1. Correct. This 
procedure divides the audio amplifier in half and will allow you 
to determine if the fault is in the Ql stage or the power output 
stage Q2-Q3. 

. Place an audio signal at the base of Ql. Incorrect. You already 
know that there is no output when a signal is applied at the input 
to the audio amplifier. 

. Place an audio signal at the collectors of Q2 and Q3. Incorrect. 
You may be lucky and find the fault in the output of the audio 
power amplifier. But to use the bracketing technique efficiently, 
each test should divide suspect circuits in half until the faulty 
circuit is isolated. In this case you have brackets initially at 
the input of Q1 and the output of Q2-Q3. The next check would 
logically be between Q1 and the power amplifier Q2 and Q3. 


Go to the next page 


You place an audio signal at the collector of Q1 and hear an audio signal 
in the loudspeaker . 
The fault is between and (Q10) 


Go to the next page 
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ANSWER: 


The fault is between J1 and the collector of Ql. You have eliminated 
audio power amplifier Q2-Q3. 


Do you want to make voltage checks or resistance checks of the Q1 


circuit? (Q11) 
a. Resistance checks ............ 000005 turn to page 4-37 
b. Voltage checks ...............0.0.. turn to page 4-38 
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The fault is: 
. Ql. 
. R15. 
. R17. 
. T2. 


a0 7p 


Go to the next page 
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ANSWERS: 


You identified the faulty part as: 

a. Ql. Correct. The checks that indicate Q1 is bad are the high 
collector and base voltages and no emitter voltage which indi- 
cates that Q1 is not conducting. The resistance obtained for the 
Qi collector is approximately correct even though it does not 
agree with the voltage-resistance table in NAVSHIPS 93285(B). 
If you trace out the collector circuit to ground you will see that 
it goes through T2 (3900 ohms), R19 (2K ohms), and R21 (100 
ohms), which add up to 6K ohms. If Q1 is not conducting and 
there is no base current, the voltage at the base connection will 
be developed across R16 and will be considerably higher than 
normal. 

. R17. Incorrect. The resistance measurement for R17 (emitter 
to ground) is correct, approximately 6.8K ohms. If you look 
only at the voltage measurements, you could be led to believe 
that R17 is faulty — the voltage measurements are about what 
you'd get if R17 were open. 

. T2. Incorrect. There is no reason to suspect T2. If T2 were 
open you would see 0 vde at the collector of Q1. If T2 were 
shorted, you would see the full +28 vde at Q1-C; current would 
flow through Q1 to develop a voltage across R17. Neither of 
these conditions are indicated by the measurements. 

. R15. Incorrect. If R15 were open, there would be no voltage 
at the base of Q1. If by. some chance R15 were shorted, then 
+28 vde would be present at the base. 


Go to the next page 
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Which statement describes your next action? (Q13) 
a. Replate the transistor and tell the radio watch the transceiver 
is OK. 
b. Replace the transistor and repeat the voltage and resistance 
readings to see if any other parts are defective. 
c. Analyze the circuit and determine if Q1 is the cause of the 
problem or the result of another failure. 


Go to the next page 
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ANSWERS: 


Your next action is: 

a. Replace the transistor and tell the radio watch the transceiver 
is OK. Incorrect. You may be pretty embarrassed if the 
radio watch turns the set on and it still doesn't work. You have 
not completed step 6 of the troubleshooting procedure until you 
know for sure that the transceiver will work when you turn it on. 

. Replace the transistor and repeat the voltage and resistance 
readings to see if any other parts are defective. Incorrect. If 
you are going to make additional measurements, do it before 
you replace Q1. If the failure of Q1 is the result of another 
failure, the new Q1 will likely be damaged when you apply 
voltage to take readings. 

. Analyze the circuit and determine if Q1 is the cause of the 
problem or the result of another failure. Correct. Before you 
apply power to the set you should be as certain as possible that 
Q1 is the only failed part in the set. To do this, you can re- 
examine the voltage and readings you have already taken, make 
additional voltage and resistance readings in associated cir- 
cuits with Q1 out of the circuit, and/or analyze the fault itself 
to see if it could have occurred "naturally" or had to be dam- 
aged by another failure. 


In this failure, Ql must have been the original failure. The voltage and 
resistance readings accurately reflect the circuit condition which exists if 
1 is open or removed from the circuit. A series of failures (C17 and C18 
shorted) could cause the fault; however, this would have affected the resist- 
ance reading at Q1-B and operation of detector V3. It is safe to replace Ql, 
energize the set, and verify that normal operation has been restored. 


This completes troubleshooting problem no. 5. Take a break, then 
try your luck on the last problem, on page 4-51. 
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TROUBLESHOOTING PROBLEM NO. 6 


Problem Statement 


The radio watch reports it is unable to use the AN/URC-32A. The radio 
operator said the radio set doesn't work. 


Which of the following actions should you take ? (Q1) 
a. Assume the radio operator is mistaken and don't worry about it. 
b. Ask the operator to describe the trouble symptoms, then verify 
the symptoms by checking out the radio set. 
c. Locate your test equipment and begin troubleshooting. 
d. Check out the radio set to identify the trouble symptoms. 


ANSWERS: 


You decided to: 

a. Assume the radio operator is mistaken and don't worry about it. 
‘Incorrect. The operator may have made a mistake, but you 
can't affort to take the chance. You must always consider a 
report of equipment failure as true until you can prove otherwise. 

b. Ask the operator to describe the trouble symptoms, then verify 
the symptoms by checking out the radio set. Excellent. If the 
operator is available, you may obtain valuable information to 
help you repair the equipment. While you still should verify the 
symptoms, at least you have an idea of where to start looking. 

c. Locate your test equipment and begin troubleshooting. Incorrect. 
You wouldn't even know where to start. Is it power supply trou- 
ble? One of the bands not operating? Failure to receive? Failure 
to transmit? You may spend all week working this way, and still 
not get the fault repaired. 

d. Check out the radio set to identify the trouble symptoms. Good, 
but you can do better. The operator may be able to give you in- 

formation which will greatly speed up troubleshooting. For 
example, the operator may be able to tell you that failure was 
only in one mode of operation, or that he could receive satis- 
factorily but couldn't transmit. 
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The radio operator tells you he was using the CW 1 mode, and that he 
could hear other stations but could not make two-way contact. 

You energize the radio set, transfer the RF output to the dummy load, 
turn the OSC CONTROL switch to CW 1, the MONITOR switch to USB XMIT, 
and place the AM-SSB switch in the SSB position. When you depress the 
XMIT-CW TEST switch to CW TEST you observe the following: 


Indicator Indication 
WATTMETER 0 watts 
PLATE ON lamp on 
PLATE CURRENT meter 150 ma 
AFC meter slight deflection — 


Amplifier-converter-modulator 
meter in RF OUT EXCITER i 
position 0 db 


Audio level meter (vu) ~15 vu 

OSC ON lamp on 

XMIT lamp on 

What do you think? (Q2) 


a. The operator is mistaken — the set is working properly. 
b. There's something wrong, all right, and you should do some 
more checking. 
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ANSWERS: 


You think: 
a. The operator is mistaken — the set is working properly. You've 
worked five problems and still can't spot abnormal readings? 


Four of the eight indications are incorrect! 

. There's something wrong, all right, and you should do some 
more checking. Absolutely right. In fact, with some careful 
thought you can identify the one faulty functional unit. To be 
safe, though, you should do some more symptom elaboration. 


You obtain the following indications by placing the OSC-CONTROL 
switch to OFF, the TUNE-LOCAL-EXTERNAL switch to TUNE, the AM- 
SSB switch to SSB, and set the XMIT-CW TEST switch to the XMIT position: 


Indicator Indication 
WATTMETER 125 watts 
PLATE CURRENT meter 300 ma 
PLATE ON lamp on 


Amplifier-converter-modulator 
meter in RF OUT EXCITER 


position 10 db 
Audio level meter (vu) -15 vu 
OSC ON lamp off 
XMIT lamp on 


As a final check of USB operation you place the TUNE-LOCAL- 
REMOTE switch to LOCAL and set the XMIT-CW TEST switch to the XMIT 
position. You observe the following: 


Indication 
Indicator No Modulation Modulation 
WATTMETER 0 400 watts 
PLATE CURRENT meter 150 ma 400 ma 
PLATE ON lamp on on 
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Indication 
Indicator No Modulation Modulation 


Amplifier-converter-modulator 
meter in RF OUT EXCITER 


position 10 db 20 db 
Audio level meter (vu) -15 vu varies 
OSC ON lamp off off 
XMIT lamp on on 
Amplifier-converter-oscillator 
meter: -90 position 40 db 

+130 position 40 db 

+250 position 40 db 


A check of the FSK operation is made by placing the OSC CONTROL 
switch in the FSK position and keying the transceiver. You observe the 
following: 


Indicator Indications 
WATTMETER 0 watts 
PLATE ON lamp on 
PLATE CURRENT meter 150 ma 


Amplifier-converter-modulator 
meter in the RF OUT EXCITER 


position 0 db 
Audio level meter (vu) -15 vu 
OSC ON lamp on 
XMIT lamp on 


You should now be able to say with certainty that the faulty functional 
unit is the: (Q3) 
. converter-oscillator. 

. amplifier~converter-modulator. 
. converter-monitor. 
. radio frequency amplifier. 


ao7p 
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ANSWERS: 


You selected: 
_ a. converter-oscillator. Incorrect. This unit functioned normally 


b. 


in the TUNE and USB modes of operation. 
amplifier-converter-modulator. Incorrect. There was no input 
to this unit in CW 1; the unit worked normally during TUNE and 
USB operation... 


. converter-monitor. Correct. In CW 1 the vu meter indicates 
this unit did not produce an audio output. This unit is not used 
in the TUNE and USB modes of operation, and the transceiver 
worked normally. 

. radio frequency amplifier. Incorrect. The transmitter output 
appears normal in TUNE and USB; in CW 1, the indications are 
the ones you get when there is no audio applied to the unit. 
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OK, the converter-monitor is defective. Refer to figure 4-22, 
Converter-Monitor Servicing Block Diagram, and decide where you should 
place the brackets: (Q4) 

a. Input tuning circuit and J1 pins 5 and 6. 
b. Buffer amplifier V1B input and J1 pins 5 and 6. 
c. Input tuning circuit and buffer amplifier V1B output. 
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ANSWERS: 


You placed the brackets at: 

a. Input tuning circuit and J1 pins 5 and 6. Very good. The input 
tuning circuit determines the oscillator frequency; there is no 
input signal to this unit in CW. There is no output signal from 
the unit in CW, so the output brackets properly go at J1 pins 
5 and 6. 

. Buffer amplifier V1B input and J1 pins 5 and 6. No, although 
you may be lucky and find the fault within this area. However, 
you have no way of knowing whether the input to V1B is good. 

. Input tuning circuit and buffer amplifier V1B output. No, al- 
though you may be lucky and find the fault inside your brackets. 
However, you do not know whether the buffer amplifier output 
is bad. You must select a point where you know for sure that 
the output is bad. 


What should you do next ? (Q5) 


a. Isolate the faulty circuit by making tests and moving the 
brackets. 


b. Check V1 and V2 in a tube tester. 


c. Make voltage and resistance readings around V1 and V2 to find 
the bad part. 
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ANSWERS: 


Next you will: 

a. Isolate the faulty circuit by making tests and moving the 
brackets. Right. There are three stages which could be faulty; 
the most efficient method is to find the faulty stage before look- 
ing for the bad part(s). 

. Check V1 and V2 in a tube tester. Not bad, since there are only 


two tubes. If the tubes aren't defective, you're back at the above 
question. What do you do then? 

. Make voltage and resistance readings around V1 and V2 to find 
the bad part. Pretty inefficient. In the first place, there are 
three stages, any one of which could be bad. In addition, if 
you'll check the converter-monitor schematic (figure 5-119) 
you'll find the manual doesn't include normal voltage and resist- 
ance information — you'll have to figure each reading out to see 
if it is normal. 
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Look at figure 4-22 again. What ''type"' of circuit is enclosed in your 
brackets? (Q6) 
. Linear 
Switehing 
. Convergent-divergent 
Feedback 


ao op 
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ANSWERS: 


The circuit is: 

a. Linear. Excellent. You weren't thrown by the switches and 
extraneous circuits. When S1 is in CW 1 the circuit is strictly 
linear, from the oscillator (V1A) through the buffer (V1B) and 
output amplifier (V2A) to J1 pins 5 and 6. 

. Switching. No. Although this circuit includes switches, it is 
not a switching-type circuit. In every position of S1 the signal 


goes through the same stages (with the exception of limiter 
resistor R6 which is shorted out in FSK). Try again. 

. Convergent-divergent. No, although this is a good second 
choice. However, the bfo signal does not converge with the CW 
signal, and the relay circuit is operating satisfactorily (as 
indicated by the XMIT lamp). 

. Feedback. Incorrect. Only the first stage (the oscillator) 
utilizes feedback. There is no feedback from the output to the 
input. 
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What test equipment should you use in testing to move the brackets ?(Q7) 
. Oscilloscope 

. De voltmeter 

. Distortion analyzer 

. Ohmmeter 
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ANSWERS: 


You chose to use: 

a. Oscilloscope. Very good. The oscilloscope display will tell you 
signal amplitude, approximate frequency, and let you make an 
estimate as to distortion content. If there is no signal, this will 
also be apparent. 

Note that a signal generator could also be used for signal 
injection. This would be an equally effective item of test equip- 


ment for use at this point. The VU meter would be used to 
monitor signal status using the signal injection technique. 

. De voltmeter. Incorrect. You are interested in a 1.0 ke audio 
signal. A de voltmeter is worthless for ac measurement. 

. Distortion analyzer. Incorrect. Perhaps after you find the 
faulty stage, the distortion analyzer might be useful for further 
troubleshooting, but not at this point. 

. Ohmmeter. Incorrect. You are interested in a 1 ke audio signal. 
An ohmmeter will not tell you if you. have a good or bad signal. 
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Where 


aowe 


should you make your first check with the oscilloscope ? 
. Pin 1 (plate) of VIA 
. Pin 6 (plate) of V1B 
. Pin 1 (plate) of V2A 
. Pin 6 (plate) of V2B 


(Q8) 


ANSWERS: 


You will make your first waveform check at: 

a. Pin 1 (plate) of VIA. Poor. You will find the fault eventually 
by tracing from stage to stage. There's a better starting point, 
though . 

. Pin 6 (plate) of VIB. Good. A test here will effectively split 


the linear circuit in two parts. 

. Pin 1 (plate) of V2A. Poor. You will find the fault eventually 
by tracing from stage to stage. There's a better starting point, 
though. 

. Pin 6 (plate) of V2B. Absolutely wrong. V2B is the relay am- 
plifier; it is working normally. 


A waveform check at pin 6 of V1 yields no signal. Where should you 
make your next test ? (Q9) 
a. Pin 1 (plate) of VIA 
b. Pin 1 (plate) of V2A 
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ANSWERS: 


You make your next check at: 
a. Pin 1 (plate) of VIA. Correct. The signal is not getting through 
the buffer amplifier, therefore either the oscillator or the buffer 
is not operating. 
b. Pin 1 (plate) of V2A. Incorrect. There is no signal out of V1B; 
how could there be a signal out of V2A? 
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NOTE: 


Follow page directions carefully during the remainder of this 
problem. 


The oscilloscope displays a sine wave of approximately 60 volts peak- 


to-peak amplitude at pin 1 of V1A. What would you do next? (Q10) 
a. Replace limiter R6................. turn to page 4-70 
b. Check V1 with a tube tester ........... turn to page 4-72 
c. Measure voltages and resistances 
at pins 6,7, and 8o0f V1.............. turn to page 4-76 
d. Measure voltages and resistances 
at pins 1,2, and 3o0f V1.............. turn to page 4-75 
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You decided to replace R6. Why? What evidence do you have that R6 is 
defective? You may be right, but you might as easily be wrong — and you'll 
spend a lot of effort finding out. 

Return to page 4-69 and try again. 


You decided to check V1 with a tube tester. V1 checks good. 

This is a good check to make, even though it should be clear by now 
that the primary fault is elsewhere. V1 could have caused the fault. 

Turn the page and repair the, fault. 


Turn to page 4-73 and repair the fault. 


You decided to check V1 with a tube tester. V1 checks good. Now what 


do you want to do? (Q11) 
a. Measure voltages and resistances 

at pins 6,7, and 8of V1. .....-+---+-> turn to page 4-76 
b. Measure voltages and resistances 

at pins 1,2, and3 of V1l.......-+--+--- turn to page 4-75 


You are ready to replace the defective component. Which of the follow- 
ing is defective? (Q13) 


aAo7p 
ws) 
or) 


Go to the next page 


ANSWERS: 


You replaced: 
a. R6. No! You have no evidence that R6 is either bad or good. 
Go back to page 4-53 and look again. 
b. R8. Incorrect. The resistance at pin 7 was 230K. The path to 
ground consists of R8 (47K), R9 (100K), and R17 (82K). Return 


to page 4-53). 

- R14. Incorrect. The path to ground from pin 6 goes through 
Ri4 (18K), contacts 5 and 3 of S1C, R1 (68K), and R2 (6800 
ohms). Return to page 4-53. 

. R15. Correct. The resistance at pin 8 is infinite, indicating 
an open circuit. 


Go to page 4-77 
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You decided to check voltages and resistances at pins 1,2, and 3 of V1. 


Pin No. Voltage! Resistance 
Vi1-1 +85v 75K 
Ov 33K 
+1lv 390 ohms 


What have you learned? These look reasonable when compared to the 
schematic; are they abnormal? 

You have goofed. V1A is the oscillator; the trouble was isolated to the 
buffer amplifier. Go back to page 4-69 and start over. 


1 equipment energized in CW 1 mode. 
Equipment deenergized. V1 removed from socket and J 1 disconnected. 


S1 in CW 1 position. 


You decided to measure voltages and resistances at pins 6, 7, and 8 
of V1. 


Pin No. Voltage! Resistance 
V1-6 +130v 93K 
7 0 (key down); -20 (key up) 230K 
8 Ov infinity 
Now what do you want to do? (Q12) 
a. Measure voltages and resistances at pins 
at pins 1,2, and3ofV1l.........+004. turn to page 4~75 
b. Check V1 with a tube tester ........... turn to page 4-71 
c. Replace the defective component........ turn to page 4_73 


lequipment energized in CW 1 mode. 


2Equipment deenergized. V1 removed from socket and J1 disconnected. 
S51 in CW 1 position. 


Now that you have located the faulty part, what can you say about the 


cause of the fault? (Q14) 
a. Excessive current through V1B overheated R15, causing it to 
open. 
b. Age, shock, heat, or substandard composition caused R15 to 
open. 


Go to the next page 


ANSWERS: 


You decided the cause of the fault was: 

a. Excessive current through V1B overheated R15, causing it to 
open. There is no evidence to support this statement; in fact, 
there is evidence to the contrary (V1 checked good). A better 
choice is the statement below. 


. Age, shock, heat, or substandard composition caused R15 to 
open. Very likely. When there is no evidence to show other- 
wise (such as a shorted tube or capacitor, etc), this is about the 
only assumption you can make. Remember to always look for 
this cause of a failure tobe sure you have corrected the 
malfunction. 


By now you should have aquired sufficient troubleshooting experience to 
maintain other equipments. 

Remember, you should always check out the equipment after any 
repairs to make certain it is operating properly. 

This completes the last problem. You may score yourself using 
the criteria of Appendix C, pages C-2 through C-4. 
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APPENDIX A. REVIEW QUESTION ANSWERS 


A25. b. WATTMETER. The PLATE CURRENT 

meter, answer a, is a fair indicator 2-63 
A26. a. transmitters are metered better 2-69 
A27. b. filament or line voltage 2-69 
A28. b. vary from one transmitter design to another 2-76 
A29. b. frequency drift 2-80 


Following each answer is a page number which references you back to 
the appropriate lesson that covers the question subject. If you miss any of 
the questions you are encouraged to review the question subject. 


Chapter I Reference Page 
Al. d. systematic troubleshooting techniques 1-1 
A2. a. recognized 1-3 
A8. b. elaborate on the symptom 1-5 
A4. b. listing the probable faulty functions 1-7 
A5. c. localizing the faulty function 1-9 
A6. b. circuit 1-11 
A7. c. failure analysis 1-15 
A8. b. reduces troubleshooting time 1-1, 1-17 
Chapter II 
Al. d. transceiver 2-1 
A2, b. SSB 2-1 
A383. b. 2-30 mc 2-1 
A4. a. converter-oscillator 2-3, 2-24 
A5. c. signal comparator 2-3, 2-6, 2-35 
A6. d. amplifier-control 2-3, 2-33 
A7. b. antenna coupler control unit 2-14 
A8. a. converter-oscillator 2~-24 
A9. c. amplifier-converter-modulator 2-29 
Al0. a. high voltage power supply 2-12, 2-41 
All. a. radio frequency amplifier 2-20, 2-43 
Al2. d. converter-monitor 2-31, 2-49 
Al13. d. converter-monitor 2-31, 2-49 
Al4. a. radio frequency amplifier 2-20, 2-43 
Al5. a. junction box . 2-18 
A16. c. line voltage 2-39 
Al7. a. driver plate and power amplifier 
screen voltage 2-20 
Al8. b. tge modulé 2-29 
Allg. d. LSB 2-6, 2-35 
A20. b. converter-oscillator 2-6, 2-24 
A21. c. control-power supply 2-36 
A22. a. FSK 2-31 
A23. c. mechanical and electrical 2-24 
A24. d. solid state 2-38, 2-41 


Chapter III 


Al. 
A2. 
A3. 
A4. b 
Ad. ¢ 
A6. 
AT. a 
A8. b 
AQ. a 
Al0O. c 
All. c¢ 
Al2. b 


RF OUT EXCITER 

1600 and 400 volt 
amplifier-converter-modulator 
servicing block diagram 
circuit schematic 


step 4, localizing the faulty function 
analyze the circuit to see if it is the only 
component causing trouble 

step 3 lists only one possible functional unit 
step 1, symptom recognition 


converter-monitor and low voltage power 
supply 
300 ma 
150 ma 
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Reference Page 


3-24, 2-29 

2-41, 3-8 

2-29, 3-36 

1-9, 3-7, 3-28 
1-15, 3-12, 3-21 
3-25 

1-9, 3-6 

1-15, 3-12, 3-21 
3-35 

2-63, 3-19 

1-1, 3-2, 3-15, 
3-24 


2-31, 3-15 
3-17 
3-24 


APPENDIX B. CRITERION TEST 


Due to the nature of the subject matter in chapters III and IV, you can 
best evaluate your performance by seeing how well you applied the six-step 
procedure in solving the troubleshooting problems. As you probably noted, 
most of the questions in Chapters III and IV are numbered. The scoring key, 
appendix C, will explain how to evaluate your performance using your re- 
sponse (right or wrong) to each numbered question. 


Ql. List the six steps of the six-step troubleshooting procedure in the 
correct sequence of application. 


a. 


b. 


e. 


f. 


@2. List two advantages of using the six-step procedure when trouble- 
shooting communications or other electronic equipment. 


a. 


b. 


Q3. Match the statement in the left-hand column which corresponds to one 
of the six-step troubleshooting procedures listed on the right-hand 
column: 


a. 


A transmitter is not operating 
properly. Tuning the interme- 
diate power amplifier stage, 
does not cause a plate current 
dip. 


During routine preventive 
maintenance on a receiver 
you notice that the output sig- 
nal level is down for a given 
input signal level. 


In a radar set you notice there 
is no sweep on the plan position 
indicator (PPI). You decide that 
something is wrong in either the 
sweep generator circuits or the 
sweep power supply. 


You find a screen to suppressor 
grid short in an amplifier tube. 
You decide to check the resistor 
and capacitor connected to the 
screen grid. 


You make voltage and resistance 
measurements around a tube 
socket. 


Using a vom, you find that there 
is no high voltage getting to the 
transmitter. 


. Localizing the faulty 


function. 


. Listing the probable 


faulty functions. 


. Failure analysis. 


. Localizing the faulty 


circuit. 


. Symptom recognition. 


. Symptom elaboration. 


Q4. List the four major functions which comprise a typical transceiver: 


a. 


b. 
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@5. Match the functions listed in the left-hand column which correspond to 
one of the functional units of the AN/URC-32 listed in the right-hand 
column. Refer to figure 4-1, Over-all Functional Block Diagram, in 
NAVSHIPS 93285(B). 


Q6. 


a. 


Supplies CW audio tone to the 
USB balanced modulator. 


Translates the audio signal to 
the selected sideband on 
transmit. 


Amplifies the RF signal on 


transmit. 


Supplies voltage for the radio 
frequency amplifier. 


Translates the IF signal to an 
RF signal on transmit. 


Provides bfo signal during 
FSK receive. 


Converts RF signals to IF sig- 


nals on receive. 


Permits either local or remote 


operation of the AN/URC-32. 


Amplifies and demodulates IF 
signal on receive. 


. Converter-monitor. 


. Low voltage power 


supply. 


. High voltage power 


supply. 


. Amplifier-control. 

. Converter-oscillator. 
. Dynamic handset. 

. Junction box. 

. Signal comparator. 

. Control-power supply. 


. Radio frequency 


amplifier. 


. Amplifier-converter- 


modulator. 


Functions of AN/URC-32 front panel controls and indicators can be 
most readily identified by referring to NAVSHIPS 93285 (B): 
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. Section 1, General Information. 
. Section 2, Installation. 

. Section 3, Operation. 

. Section 4, Troubleshooting. 


Q7. Match the AN/URC-32 trouble symptom in the left-hand column to the 


Qs. 


Q9. 


Ql2. 


indicator(s) in the right-hand column that would display the symptom. 
(There may be more than one indicator for each symptom.) 


a. Transceiver drifts off frequency. 1. Radio frequency 
amplifier PLATE 
b. The transceiver operates at CURRENT meter. 


reduced power. 
2. Radio frequency ampli- 


c. No audio. fier PLATE ON lamp. 
d. No high voltage from high volt- 3. Signal comparator 
age power supply. meter. 


4. Converter-monitor 
AUDIO LEVEL meter. 


5. Antenna coupler con- 
trol unit WATT- 
METER. 


The relative performance of the AN/URC-32 transceiver can be deter- 
mined from six meters on the transceiver and antenna coupler control 
unit. They are (refer to NAVSHIPS 93285(B), if neee--ary): 


a. 
b. 
Ce 


d. 


e. 


f. 


The indicator that shows the transceiver is keyed is the 


and it is located on the unit. 


. The controls used to check the balance of the power amplifier tubes 


are and 


. The control used to apply power to the blower also applies power to 


the 
The amplifier-converter-modulator meter when in the RF OUT EX- 
CITFR position measures the RF output of the 


unit. 
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APPENDIX C. CRITERION TEST SCORING KEY 


See page C-4 for grading to obtain numerical score. 


ANSWERS: 


Al. 


A2. 


A3. 


A4. 


Ad. 


. Symptom recognition 
. Symptom elaboration 


. Localizing the faulty function 
. Localizing the faulty circuit 


a 
b 
c. Listing the probable faulty functions 
d 
e 
f 


. Failure analysis 


a. Saves time 
b. Helps technician troubleshoot in a logical manner 


a- 6 
b-5 
c-2 
d-3 
e-3 
f-1 


Symptom elaboration 

Symptom recognition 

Listing the probable faulty functions 
Failure analysis 

Failure analysis 

Localizing the faulty function 


a. Transmit function 

b. Receive function 

c. Power supply function 
d. Control function 


a-1 
b-1 
c-1 


d-3 
e-5 
f-1 
g-5 
h-9 
i-1 


Converter-monitor 

1 Amplifier-converter-modulator 

0 Radio frequency amplifier 
High voltage power supply 
Converter-oscillator 
Converter-monitor 
Converter-oscillator 
Control-power supply 

1 Amplifier-converter-modulator 


A6. c. Section 3, Operation 


Aq. 


A8. 


AQ. 
Alo. 
All. 


Al2. 


that you answered incorrectly: 


- 3 Signal comparator meter 

- 5 AN/SRA-22 WATTMETER 

~ 4 Converter-monitor. AUDIO LEVEL meter 
- 2 Radio frequency PLATE ON lamp 


orme moms.) 


. WATTMETER 

. PLATE CURRENT meter 

. AFC meter 

. AUDIO LEVEL meter 

. Amplifier-convérter-modulator meter 
. Signal comparator meter 


moaown 


XMIT lamp, converter-monitor 
PL NO. 1 TEST, PL NO. 2 TEST 
Low voltage power supply OF F-ON switch 


Converter-oscillator 


Chapters III and IV 
Troubleshooting Problem No. 1 


Record the numbers of the questions in Troubleshooting Problem No. 1 


If you missed no more than three questions, congratulations. You have 


shown a good grasp of both the six-step troubleshooting procedure and the 
AN/URC-32 high voltage power supply. 


If you missed more than two of the following questions (1, 3, 5, 9, or 


11) you need to review the six-step troubleshooting procedure, chapter I. 
_ If you missed three or more of the following questions (2, 4, 5, 7, 8, 
9, or 12) you need to review the theory of operation of the AN/URC-32 high 
‘voltage power supply, chapter II, lessons 4 and 17. 


Troubleshooting Problem No. 2 


Record the numbers of the questions that you answered incorrectly: 


If you missed no more than one question, you did very well. 
If you answered question 2 incorrectly, you are still not quite sure of 


all of the six steps in the troubleshooting procedure. You should review 
chapter I. 


If you missed two or more of the following questions (1, 4, 5, or 6) you 


need to review the theory of operation of the AN/URC-32 transmit circuits, 
chapter II, lessons 2, 9, 10, and1l. 
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Troubleshooting Problem No. 3 


Record the numbers of the questions that you answered incorrectly: 


a 


If you missed no more than three questions, you have done very well. 

If you missed one or more of the following questions (2, 7, 10, or 15) 
you should re-study chapter I. 

If you missed three or more of the following questions (1, 3, 4, 5, 6, 
8, 9, 12, 13, 14, or 17) you should re-study lessons 10 and 11 of chapter 
II before proceeding to the troubleshooting problems in chapter IV. 


Troubleshooting Problem No. 4 


Record the numbers of the questions that you answered incorrectly: 


see 


If you missed no more than two questions, good work! 

If you missed any of the following questions (2, 3, 5, 7, 9, or 12) you 
are still not sure of the application of the six troubleshooting steps. If you 
missed more than two of these questions, it is recommended that chapters 
I and III be re-studied. 

If you missed more than two of the following questions (4, 6, 8, 10, or 
11) you are not thoroughly familiar with the AN/URC-32 theory of operation. 
Re-study chapter II. 


Troubleshooting Problem No. 5 


Record the numbers of the questions that you answered incorrectly: 


You should be getting close to perfection. If you answered more than 
two questions incorrectly, you are still having difficulty in applying the six- 
step troubleshooting procedure to communications equipment. 

If you missed any of the following questions (1, 3, 5, 6, 9, or 18) your 
trouble is improper application of the recommended six-step procedure. 
Re-study chapters I and III. Incorrect answers to any of the following ques- 
tions (2, 4, 7, 8, 10, or 12) indicates that you are not sure of the AN/URC- 
32 theory of operation. Re-study chapter II. 


Troubleshooting Problem No. 6 


You should not have missed any of the questions in this problem. If 
you missed only one or two questions, you have still done a good job. 

If you missed any of the following questions (1, 3, 4, 5, or 12) you are 
still having difficulty in applying the six-step procedure. It is recommended 
that you re-study NAVPERS 93083, Trouble -Shooting Electronic Equipment, 
and then re-work the problems in this text. 


GRADING: 


Count the total number of incorrect answers to the test questions and 
as recorded for the troubleshooting problems. Read your score on the cri- 
terion test opposite the number of incorrect answers on the list, below: 


No. Incorrect Criterion 
Answers Score Rating 

0 100% 

1 99% 

2 98% Excellent 

3 97% 

4 95% 

5 94% 

6 93% 

: ae Very Good 
9 90% 
10 88% 
11 87% 
12 86% 
13 85% 
= ae Satisfactory 
16 82% 
17 81% 

18 80% 

19 or more — Unsatisfactory 
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a. 


RF OUT EXCITER 


ANTENNA 


RADIO FREQUENCY 
AMPLIFIER 
(POWER AMPLIFIER) 


CONVERTER OSCILLATOR 
( FREQUENCY . GENERATOR ) 


ANTENNA 
COUPLER 


WATTMETER 


2-30 MC RECEIVER INPUT 


AFC 


LOW VOLTAGE TO TRANSCEIVER UNITS 


KC 115 VAC 


JUNCTION BOX J-1007/U 


115/230 VAC 
60 CPS 


PP - 2153/U 
(HIGH - VOLTAGE 
POWER SUPPLY) 


PP-2154/U 
(LOW - VOLTAGE 
POWER SUPPLY ) 


RADIO 
FREQUENCY 
AMPLIFIER 


2000V 


BLOWER 


Appendix D. AN/URC-32 
Functional Block Diagram. 


CONTROL SETTINGS (CW MODE) NORMAL READINGS (KEY DOWN) 


The following controls are placed in their respective positions: 


Amplifier-Control AM-2062/URC 


SIDEBAND SELECTOR 
MIC GAIN 


USB 
properly adjusted 


Indicator Indication 
Control Position __Antenna Coupler AN/SRA-22 

Radio Frequency Amplifier AM-2061/URT WATTMETER 500 watts 
FIL OFF - TUNE - OPERATE OPERATE Radio Frequency Amplifier AM-2061/URT 
PLATE Switch ON PLATE CURRENT Meter 550 ma 
Band Switch BAND 1 PLATE ON Lamp ON 
DRIVER TUNE properly adjusted Converter-Oscillator CV-731/URC 
PA TUNE properly adjusted AFC Meter midscale 

Converter-Oscillator CV-731/URC Amplifier-Converter-Modulator AM-2064/URC 
OPERATE - TUNE OPERATE Meter positions: 

Amplifier-Converter-Modulator AM-2064/URC ~90v 40 db (midscale) 
SSB-AM Switch SSB 130v 40 db (midscale) 
RECEIVER RF GAIN properly adjusted 250v 40 db (midscale) 
TUNE-LOCAL-EXTERNAL LOCAL RF OUT EXCITER 20 db (midscale) 
Meter Switch RF OUT EXCITER Meter in RF OUT EXCITER Position 20 db 
EXCITER RF GAIN properly adjusted  Converter-Monitor CV-730/URC 
SIDETONE Switch OFF OSC ON Lamp ON 

Converter-Monitor CV-730/URC XMIT Lamp ON 
METER MULTR Switch 8 dbm VU (audio level) Meter 0 vu 
XMIT-REC-CW TEST Switch CW TEST 
MONITOR Switch USB NOTE: All low-voltage power supply meter readings should be 

at least 40 db. 
BFO Switch OFF 
OSC CONTROL Switch CW 1 
OUTPUT properly adjusted 


Appendix E. Normal 
Readings (Sheet 1 of 4). 
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NORMAL READINGS 
CONTROL SETTINGS (TUNE MODE) 


The following controls are placed in their respective positions: 
Antenna Coupler AN/SRA-22 

Control Position WATTMETER 125 watts 
FIL OFF - TUNE - OPERATE OPERATE PLATE CURRENT Meter 300 ma 
PLATE Switch ON PLATE CURRENT with PL 1 TEST 
eer BAND 1 Switch depressed 150 ma 

PLATE CURRENT with PL 2 TEST 
DRIVER TUNE properly adjusted Switch depressed 150 ma 
PA TUNE properly adjusted PLATE ON Lamp ON 
Converter-Oscillator CV-731/URC Converter-Oscillator CV-731/URC 
OPERATE - TUNE OPERATE AFC Meter midscale 
SSB-AM Switch SSB Meter positions: 
RECEIVER RF GAIN properly adjusted -90v 40 db (midscale) 
TUNE-LOCAL-EXTERNAL TUNE 130v 40 db (midscale) 
Meter Switch REOUT-EXGITER 250v 40 db (midscale) 
EXCITER RF GAIN properly adjusted RF OUT EXCITER 10 db (midscale) 
SIDETONE Switch OFF Meter in RF OUT EXCITER Position 10 db 
METER MULTR Switch 8 dbm OSC ON Lamp OFF 
SMIT-REC-CW TEST Switch XMIT XMIT Lamp ON 
MONITOR Switch USB VU (audio level) Meter -15 vu 
BFO Switch OFF NOTES: 
OSC CONTROL Switch OFF 1. These indications are the normal indications when the 
OUTPUT properly adjusted Sepitlons Av tale ealtion the andigus dies cnneuea aid 
Amplifier-Control AM-2062/URC a carrier is reinserted. 

SIDEBAND SELECTOR USB 2. If the radio frequency amplifier's FIL OFF - TUNE - 


OPERATE switch is placed in the TUNE position, the 
MIC GAIN properly adjusted PLATE CURRENT and WATTMETER indications will 
be considerably less. 


3. All low voltage power supply meter readings should be 
at least 40 db. 


Appendix E. Normal 
Readings (Sheet 2 of 4), 
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CONTROL SETTINGS (USB MODE) 


The following controls are placed in their respective positions: 


Radio Frequency Amplifier AM-2061/URT 


FIL OFF - TUNE - OPERATE 
PLATE Switch 

Band Switch 

DRIVER TUNE 

PA TUNE 


Converter-Oscillator CV-731/URC 


OPERATE TUNE 


Amplifier-Converter -Modulator AM-2064/URC 


SSB-AM Switch 

RECEIVER RF GAIN 
TUNE-LOCAL- EXTERNAL 
Meter Switch 

EXCITER RF GAIN 
SIDETONE Switch 
Converter-Monitor CV-730/URC 
METER MULTR Switch 
XMIT-REC-CW TEST Switch 
MONITOR Switch 

BFO Switch 

OSC CONTROL Switch 
OUTPUT 


Amplifier-Control AM-2062/URC 


SIDEBAND SELECTOR 
MIC GAIN 


Position 


OPERATE 

ON 

BAND 1 

properly adjusted 
properly adjusted 


OPERATE 


SSB 

properly adjusted 
LOCAL 

RF OUT EXCITER 
properly adjusted 
OFF 


8 dbm 

XMIT 

USB 

OFF 

OFF 

properly adjusted 


USB 
properly adjusted 


NORMAL READINGS (USB MODE) 


Indication 
Modulation Modulation 
Indicator (None) (Peak) 
Antenna Coupler AN/SRA-22 
WATTMETER 0 400 watts 
Radio Frequency Amplifier AM-2061/URT 
PLATE CURRENT Meter 150 ma 400 ma 
PLATE ON Lamp ON ON 
Converter-Oscillator CV-731/URC 
AFC Meter midscale midscale 
Meter positions: | 
-90v 40 db 40 db 
130v 40 db 40 db 
250V 40 db 40 db 
Meter in RF OUT EXCITER Pos 0 20 db 
Converter-Monitor CV-730/URC 
OSC ON Lamp OFF OFF 
XMIT Lamp ON ON 


VU (audio level) Meter = 


varies 


NOTE: All low-voltage power supply meter readings should be at least 40 db. 


Appendix E. Normal 
Readings (Sheet 3 of 4). 
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CONTROL SETTINGS (AM MODE) NORMAL READINGS (AM MODE) 


The following controls are placed in their respective positions: Indication 
Control Position Modulation Modulation 
Soe ee yo Indicator (None) (Peak) 


Radio Frequency Amplifier AM-2061/URT 
“a Se Antenna Coupler AN/SRA-22 


FIL OFF - TUNE - OPERATE OPERATE Sane 565 
2 tt atts 
PLATE Switch ON anes rare ; 125 watts ” 
adio Frequenc mplifier AM-2061/URT 
Band Switch BAND 1 Radio Frequency Amplifier aMncveluon 
: PLATE CURRENT Meter 300 ma 375 ma 
DRIVER TUNE properly adjusted 
PLATE ON Lamp ON ON 
PA TUNE properly adjusted 
Converter-Oscillator CV-731/URC 
Converter-Oscillator CV-731/URC Se 
AFC Meter midscale midscale 
OPERATE TUNE OPERATE é ; 
ve mplifier-Converter-M d = 
Amplifier -Converter-Modulator AM-2064/URC verter-Modulator AM-2064/URC 
; Meter positions: 
SSB-AM Switch AM a 
-90V 
RECEIVER RF GAIN properly adjusted dah 40 db 40 db 
Vv 
TUNE-LOCAL- EXTERNAL LOCAL oo 40 db 40 db 
IV 
Meter Switch RF OUT EXCITER 40 db 40 db 
: RF OUT EXCITER 0 20 db 
EXCITER RF GAIN properly adjusted 
eonve ter Monitor GV 213070 RC 
SIDETONE Switch OFF 
Converter-Monitor CV-730/URC 
Sone a i XMIT Lamp ON ON 
METER MULTR Switch 8 dbm 
VU (audio level) Meter = varies 
XMIT-REC-CW TEST Switch XMIT 
MONITOR Switch USB 
NOTE: All low- j 
BFO Switch OFF 1 low-voltage power supply meter readings should be at least 40 db. 
OSC CONTROL Switch OFF 
OUTPUT properly adjusted 
Amplifier-Control AM-2062/URC 
SIDEBAND SELECTOR USB 
MIC GAIN properly adjusted 


Appendix E. Normal 
Readings (Sheet 4 of 4), 
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APPENDIX F 


MILITARY TO INFORMAL NOMENCLATURE CROSS INDEX 


Nomenclature Used in This Book 


Amplifier-control 


Amplifier-converter-modulator 


Control-power supply 
Converter-oscillator 
Converter-monitor 
High-voltage power supply 
Low-voltage power supply 
Signal comparator 


Radio frequency amplifier 


Informal Nomenclature 


Audio and control 
Sideband generator 
Handset adapter 
Frequency generator 

CW and FSK unit 
High-voltage power supply 
Low-voltage power supply 
Frequency comparator 


Power amplifier 


Appendix F. Nomenclature Cross Index. 


Military Identification No. 


AM-2062/URC 
AM-2064/URC 
C-2691/URC 
CV-731/URC 
CV-730/URC 
PP-2153/U 
PP-2154/U 
CM-126/UR 
AM-2061/URT 
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